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Atricky milling operation 
completed in far less time on 
THE KEARNEY AND TRECKER 
ROTARY HEAD MILLER 


The most versatile machine ever designed for mould and die work, 
the Milwaukee Rotary Head Miller, equipped with a cherrying attach- 


’ 


ment, made “ short work ” of the “ tricky ” milling required on this 
injection mould. It took just two hours to complete the job—far 
less time than by any other method. The cherrying attachment is 
an auxiliary rotary head, mounted at 90° to the head of the machine. 
It is used to mill circles and angles in a vertical plane. When used 
with rotary head motion, spherical and conical cavities can be accurately 
and rapidly milled—in almost all cases difficult operations become a 
comparatively simple task. 

Mould cavities can be machined in a single set-up without the aid of 
templates or models. 

Chances of error are eliminated because there is no change 

in set-up. Exact control of all combinations of cutting 
movements—possible only with this machine—transmits 
mathematical precision to the work. 

Initial job preparation and set-up time is reduced to the 
minimum. Accurate performance of the machine saves 
operator’s time, and rapid production of intricate moulds 

and dies is ensured. 
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THE PRESENT STATUS OF THE GAS TURBINE AND ITS 
ECONOMIC PROSPECTS. 


By Dip!. Ing. H. PFENNINGER. (From Schweizerische Bauzeitung, Vol. 123, Nos. 24 and 26, 10th and 24th June, 
1944, pp. 281-286 and pp. 307-311. 


(Continued from our previous issue) The economic considerations involved in the design 
of such a plant are illustrated by Figs. 12 to 14. Fig. 14 
4, GAS TURBINES FOR BLAST FURNACES. shows that the greatest annual saving accruing from 


installation of a heat exchanger is obtained at an 
adiabatic thermal efficiency of 22 per cent. To compare 
this value with the effective efficiency of a steam plant 
at the clutch of the steam turbine it is necessary to 
in design considerations. The volume of air required divide it by the thermodynamic efficiency of the blast 
for both turbine and blast furnace is delivered by a blower. Assuming 78 per cent for this efficiency, 
single compressor. The pressure ratio of the com- it gives a thermal efficiency of 28 per cent for an 
pressor is chosen for most favourable turbine design, equivalent steam plant. Further comparison as to 
while the air required for the blast furnace is obtained 
by bleeding the compressor at that stage which 
corresponds to the desired pressure for blast furnace . 
operation. As the useful power is the energy of 
compressed air, the thermal efficiency can be stated 
best with reference to the adiabatic power. Thus, 
a direct comparison with steam plants becomes possible. 

An advantage which should not be underestimated 
lies in the fact that the total er 3 a 
is great in relation to that required for the blast furnace. ee : 
Therefore, the volume of inet air can be varied within Atiatate Gemmih aang Se see 
wide limits. 


Gas turbines are especially well suited for this 
purpose (Fig. 11). Because of the small space they 
require they can be erected in the vicinity of blast 
furnaces. As water is not required, it is not involved 


year and kW adiabatic 
air output 





Fuel cost in Swiss Fr. 


Fig. 11. Gas turbine plant for blast 
furnace. 
(a) Axial-flow compressor (6) heat exchanger 
, (c) combustion chamber (d) gas turbine (e) gear 
(f) gas compressor (g) starting motor (h) blast air 
pipe (7) Cowper stove. 
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Swiss Fr./year and kW adiabatic air 











Adiabatic thermal efficiency per cent. 











Fig. 13. Fuel cost per year and kW adiabatic 
(1), saving in fuel cost due to employment of 
heat exchanger (2) and heat exchanger cost 
(3) per year and kW. adiabatic output as a function of 
adiabatic thermal efficiency. Fuel: blast furnace gas, 
cost of fuel 4.4 Rpf./10,000 kcal. Operation : (6000 hours 
per year. 
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Heat exchanger price per m.2/kW adiabatic air output. 


and kW adiabatic air output. 


Adiabatic thermal 
efficiency per cent 





Annual saving due to heat exchanger in Swiss Fr. 


Heat exchanger price Swiss Fr./kW adiabatic air output. 
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Fig. 12. Thermal efficiency of a single-stage gas turbine for : 3 
blast furnace as a function of heat exchanger surface (1) and Adiabatic thermal efficiency per cent. 

as a function of heat exchanger price per kW adiabatic air Fig. 14. Annual saving due to installation of heat exchanger 
Output (2), The heat exchanger price has been taken as as a function of thermal efficiency. (Difference between 


40 Sw. Fr. per sq. m. curves 2 and 3 in Fig. 13.) 
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weight and price of steam plant and gas turbine plant 
is shown in Fig. 15. 


5. THE GAS TURBINE FOR LAND OR MARINE 
TRANSPORTATION. 


The Swiss Federal Railways (SBB) have had a 
gas turbine locomotive in use since May, 1943, which 
has proved satisfactory. A further development of 
this unit is under construction, but of 2500 h.p., 
occupying the same space and being of nearly the 
same weight. The. specific fuel consumption of this 
unit is shown in Fig. 16, 

The gas turbine with heat exchanger is also well 
suited for marine cargo application. The thermal 
efficiency should reach 24 to 27 per cent. For this, 
a larger heat exchanger. is required which, however, 
works out economically as the fuel saving would 
decrease the weight of fuel carried and the radius of 
action would be increased. Table II of the original 
article gives a comparison with steam turbine propulsion 
units. The simplicity of the gas turbine cargo ship is 
most clearly shown by the absence of the.boiler with its 
auxiliaries and of the costly preparation of water. Fig. 
17 shows a cargo ship with gas-turbine drive of 5000 
s.h.p. As can be seen, the power plant can be built very 
compactly, and placed well towards the stern of the 
ship, at the least valuable space for cargo. In addition, 
the propeller shaft is shortened, resulting in further 
simplification and space-saving. 

Although the thermal efficiency of the Diesel engine 
is 38 per cent, the gas turbine is superior in this field 
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Fig. 18. Nomogram for comparison of the economy of a 
diesel engine with that of a gas turbine. 


Fig. 19. Light-weight gas turbine plant. 
(1) Gas turbine. (2) compressor. (3) combustion chamber. 


as well. This superiority is due:to the high price of 
diesel oil (see Table I) which, .for example, would 
result in equal fuel cost for the two types of plants 
if the thermal efficiency of the gas turbine were as 
low as 19 per cent. In addition, the cost of lubrication 
is higher with diesel engines. According to Chapman,* 
the cost of lubricating oil for diesel locomotives is 
20 to 30 per cent of the fuel cost. An economy 
diagram is shown in Fig. 18, the dotted lines with 
arrowheads explaining its use. 


6. THE LIGHT-WEIGHT GAS TURBINE FOR 
TRANSPORT PURPOSES. 

If the tests which are now proceeding prove 
satisfactory, it should be pessible in the near future 
to build gas turbine plants with a unit weight of 
3 to 4 kg./h.p. The space requirements of such a 
plant are about 30 cu. m./1000 h.p. Fig. 19 shows 
a light-weight plant for 5000 h.p. which is suitable for 
boosting battleships. In this case the fuel consumption 
is of minor importance ; what matters, is small space 
and light weight. 

For aircraft installation this type of plant is not yet 
suitable. What appears to have developed to the 
experimental stage now is a combination of piston 
engine and gas turbine as shown in Fig. 20. The 
piston engine (2) drives the compressor (1), the 
compressed air being passed through the combustion 
chambers (3) into the turbines (4) which drive the 
propellers. The piston engine (2) is supercharged by 
compressor (1). By mixing the exhaust from engine (2) 
with the hot gases and expanding it through the 
turbines to atmospheric pressure, additional kinetic 
energy is gained for the propulsion of the aircraft. 
The unit weight of such a plant is 1 kg./h.p.; its 
thermal efficiency is around .28 per cent. 


7. CONCLUSION. 

Gas turbines have proved themselves reliable in 
operation over a number of years. The first units 
were destined for the Houdry refining process where 
large volumes of compressed air are required. These 
plants have worked since 1938 without interruption. 
Twenty-one units have beén delivered up to 1942, 
of which nineteen are in operation in the United States. 

In contradistinction to piston engines, the gas turbine 





* E. E, Chapman, “ Steam versus Diesel-Electric Power,” 
Railway Age, Vol. I, 1941, No. 4, July, 1926. 
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Fig. 20. Gas turbine for air- 
craft propulsion. 

(1) Compressor (2) piston engine (3) 

combustion chamber (4) gas tur- 

bine (5) intake pipe of piston en- 

gine (6) exhaust pipe of piston 

engine. 



















































































352 THE ENGINEERS’ DIGEST 
has no elements subjected to wear such as ventiles, application, the gas turbine holds the promise of great zx 
piston rings and cylinder bushes. There are no potentialities. ‘the coal-fired gas turbine, for insten’,, | 
reciprocating masses either, therefore vibration is is now in the experimental stage. Apart from tue 
absent. The figure for excess air with a combustion possibility of burning coal dust in the combustion 
engine is about 1.5, while for a gas turbine at a chamber, the employment of a gas generator appears 
thermal efficiency of 28 per cent it is 16. This high to be the right solution. The gas generated is then 
excess of air excludes the danger of corrosion of the burned in the combustion chamber, so avoiding slag ? 
turbine blades. Beyond the field of present-day and ash troubles. 
THE AERODYNAMIC TURBINE IN STEEL PLANTS. 
By C. KELLER and R. RugeGG. (From Stahl & Eisen, Vol. 64, No. 13, March 30th, 1944, pp. 201-206). 
AERODYNAMIC turbines are a promising means for im- mean diameter 380 mm. at admission, and 300 mm. at 
proving and simplifying steel works’ practice, as they delivery end. = 
conform particularly well with the prevailing exigencies Heat exchanger : Surface area 1200 sq. m. ; dia- 
of reliability, simplicity, small space requirements, and meter 1.2 m. ; length 10 m. Fig. 3. 
low heat consumption. As the aerodynamic turbine The dimensions of the air heater proper of present- and ¢ 
operates with clean air as working medium instead of day design approximate to those of a steam boiler of , 
flue gas, an air preheater is required, the design of which equivalent capacity. But it must be kept in mind that or. 
is similar to that of hot blast heaters. A combination the air heater and hot-blast heater may be combined in press 
of hot-blast heater and turbine air-heater therefore a single unit. The following tentative lay-outs show 
offers considerable advantages both with regard to lay- the various possibilities of employing aerodynamic § tubing 
out of plant, and thermal economy. ; turbines in steel works ; but these lay-outs by no means § hand, 1 
The replacement alone of steam drives by aero- comprise a complete list of applications. second 
dynamic turbines, results in considerable simplification In the layout shown in Fig. 2, the blast blower is § thus fa 
of plant, eliminating the need for boiler water treat- driven by an aerodynamic turbine, the air heater of ff the ma 
ment plant and a considerable number of auxiliaries. which is combined with the blast heater. For the sake Af 
It has been objected that the achievement of high gas- of greater clarity, approximate pressures and tempera- § is that 
turbine efficiency is generally conditional upon the tures are indicated in this diagram. The special relative 
employment of large and bulky heat exchangers for the arrangement of the flow circuits has been chosen in § able re 
utilisation of waste heat contained in the turbine ex- order to secure the highest possible fuel economy. § responc 
haust. This argument, however, is largely inapplicable Thus, for instance, the flue gas path in the air pre- § heaters. 
to the aerodynamic turbine. Owing to the use of a heater is arranged in two passes. The first, or high  extracti 
clean working medium, i.e., air, at elevated pressure, temperature pass, serves for heating the working air of J fore eit 
the heat exchanger surfaces of the air turbine are only the turbine cycle to its final temperature, while the fF reduced 
a fraction of those required for the open gas-turbine in second, low temperature pass, is used for heating the The 
which atmospheric pressure must remain the lower blast delivered by the blower. In Fig. 2 the working § circuit ; 
pressure level (see Fig. 1). ; air heater is shown in the form of a straight tube bundle § of high 
__ For a 300 kW blast turbo-blower plant, the dimen- arranged in the first flue gas pass, but its heating surface § plant is 
sions of the components will be approximately as may also be of the radiant type lining the walls of the F tive hea 
follows : : ; furnace (Fig. 5). tion ma 
_ Turbines: High pressure part, 4 stages, mean Heretofore, the low pressures of 1-2 kg. per sq. cm. fF with an 
diameter 400 mm. ; Low pressure part, 5 stages, mean prevailing in tubular blast heaters made it necessary to § kind is 
diameter 700 mm. employ comparatively high air velocities, and accordingly § blast he 
Circuit air compressor of the axial flow type: high pressure drop in order to achieve the rates of heat — The pl 
OPEN CIRCUIT COMBUSTION GAS TURBINE transfer required and to prevent overheating of the — arrange! 
Operating pressure 4/1 kg./cm.2 tubes. In this respect the higher pressure levels of the § process 
Weight of Surface cf - Tube bundle working air page gn Hp. Pree 20-30 > cyl 
tubing , tubing _ Tube volume er sq. cm.—is of especial advantage, as the § ing to 
Re sisted widened Coane tiinmeiaaad wet pti rate re with he factor — back-pr 
20.0 _0 500 100 1500 2000 0 0 2 3 40 (cp)**> where c is the velocity and p the § the pro 
| t pressure. In other words, the heat transfer As a 
= 26m coefficient increases with the pressure to § be attai 
{| | the same extent as with the velocity of J requires 
flow. It is, therefore, an easy matter § portion 
ea yz tO obtain sufficient cooling of the air heater in Fig, 
—"YIn dynamic 
q c for the | 
rn dakedpdadecacddgeaaaaaaadaddaaaca first sta 
; : 
panded 
ad the com 
the enti 
Y60me tional 
26 MEZA SS turbine 
turbine 
teheatec 
a 400m4 Bato, tempera 
r =a 4 arranger 
6327 'R | Tequirer 
Aerodynamic turbine. Operating pressure 28/7 kg./cm.2 SIX per 
Fig. 1. Comparisoa of iieat exchanger sizes. x accordir 
nee of —_ pare ax. snag eee 12,000 kW open circuit gas F The 
nd aerodynamic turbine. ompr /po= 4. . ‘ i ‘ 
Because of the higher pressure of the working medium’ the size ts one” ss gg 3 efi 2 : 
and weight of the tube bundle of the aerodynamic turbine are one- and combined blast and circuit-air A 1en¢ 
sixteenth that of the open gas circuit turbine. heater. 30 perc 
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Fig. 3. Blast furnace plant with blast heater 
and turbo blower driven by aerodynamic 
turbine plant. 
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Ww 
poo "7K Fig. 4. Blast compressor driven by 
lies We back-pressure aerodynamic turbine 
combined with aerodynamic power Bi 5. BL P 
plant. ig. * ast compressor with 


aerodynamic drive with separate 
shafts and equipped with tubular 
air heater. 


O Blast furnace ; C Cowper stove ; H Blast compressor; L Blast furnace gas fired air heater for blast and circuit-air; LV Combustion 
air preheater ; GT Back-pressure turbine ; T Aerodynamic turbine drive ; H7 Aerodynamic high pressure turbine ; NT Aerodynamic low 
pressure turbine ; K Circuit-air compressor; ZK Intercooler ; VK Pre-cooler ; W Heat exchanger ; G Generator for excess power. 


tubing arranged in the hottest gases. On the other 
hand, the tubes of the blast heater are placed in the 
second gas pass where lower gas temperatures prevail, 
thus facilitating limitation of the tube temperatures to 
the maximum permissible level. 

A further advantage of this air heater arrangement 
is that the heat from the flue gas is absorbed by air of 
relatively low temperature, thus permitting a consider- 
able reduction in the flue gas temperature with a cor- 
respondingly small uptake loss. _ Combustion air pre- 
heaters, as they are used in power plant practice for the 
extraction of waste heat from the stack gases, can there- 
fore either be omitted altogether, or be considerably 
reduced in heating surface. 

The tubular blast heaters and an experimental 
circuit air heater built so far has proven the feasibility 
of high temperature air heating. Where an existing 
plant is equipped with a checker-work type regenera- 
tive heater (Cowper stove), a first step in its modernisa- 
tion may consist in equipping the blast furnace blower 
with an aerodynamic turbine drive. A scheme of this 
kind is illustrated in Fig. 3. At a later date, a tubular 
blast heater may be added to replace the Cowper stove. 
The plant shown in Fig. 2 represents the simplest 
arrangement of its kind. But wherever industrial 
process heat is required, the question arises whether a 
better thermal efficiency cannot be achieved by resort- 
ing to by-product power generation, the exhaust of the 
back-pressure operated prime mover serving to meet 
the process heat requirements. 

As a final hot blast temperature of 750 deg. C. is to 
be attained, it is not possible to meet the entire heat 
requirements by waste heat extraction, but a certain 
portion can at least be obtained in the manner outlined 
in Fig. 4. Here the compressor driven by the aero- 
dynamic turbine produces a higher pressure than needed 
for the hot blast. This compressed air is heated in the 
first stage of the blast heater and is subsequently ex- 
panded in the aerodynamic turbine GT coupled with 
the compressor. As this turbine is too small to meet 
the entire power requirements of the compressor, addi- 
tional power is obtained from the aerodynamic power 
turbine H which is also coupled to the compressor and 
turbine GT, The air discharged from turbine GT is 
teheated in the second stage of the blast heater to the 
temperature required at the blast furnace. This 


_ atrangement has the advantage that the specific heat 
_ Tequirements per unit volume of hot blast are less by 
_ SIX per cent than those of an equivalent plant laid out 
' according to Fig. 2. 


The heat requirements and operating data of plants 


| Fig. 2 «nd Fig. 4 are listed in Table I., the thermal 


efficiency of the aerodynamic turbine being assumed as 
30 per cent. Higher thermal turbine efficiencies will be 


reflected by corresponding decreases in the heat con- 
sumption rates. The figures given show that plants of 
this type are competitive with the most efficient gas 
engine drives available. Specific heat consumption 
rates per unit volume of hot blast are largely dependent 
upon the back pressure chosen for the aerodynamic 
turbine. It will be seen from Fig. 6 that for a hot blast 
condition of 750 deg. C. at 2.2 kg. per sq. cm., lowest 
heat consumption will be obtained by operating the 
aerodynamic turbine with a back pressure of about 6 
kg. per sq. cm. The choice of a somewhat smaller 
pressure appears, however, indicated, as this decreases 
the compression ratio of compressor and back-pressure 
turbine which in turn leads to lower the cost of the plant. 














TABLE I. 
Hot BLast PLANT WITH AERODYNAMIC TURBINE DRIVE. 
Plant Plant 
according | according 
to Fig. 2 | to Fig. 4 
(1) Blast Blower H 
Blast quantity, kg hr. .. as a 100,000 100,000 
Final temp. of blast, deg. C. .. a 750 750 
Blast pressure at blast furnace, kg. 
sq. cm. “és ee +2 oe 2.2 2.2 
Compression ratio xe aaa Br 2.6 4.3 
Adiabatic work of compression, kcal/kg. 22.1 36.5 
Compression efficiency, per cent ai 85 85 
Air temp. at blower outlet, deg. C. .. 130 202 
Power consumption of blower, kW .. 3,020 4,995 
(2) Back-pressure Aerodynamic Turbine GT 
Quantity of air, kg./hr. Ke - = 100,000 
Pressure at turbine inlet, kg./sq.cm. .. et 4.0 
Temperature at turbine inlet, deg. C. aa 650 
Pressure at turbine outlet, kg./sq.cm.. . = 2.4 
Temp. at turbine outlet, deg. C. a a 537 
Pressure ratio .. &s = 1.67 
Work of expansion, kcal/kg. ae 30.2 
Turbine efficiency, per cent . = 88 
Output of turbine, kW ye ae Ca 3,085 
(3) Heat consumption of Drive and Blast 
Heater 
Additional power supply, kW nett .. 3,020 1,910 
Corresponding heat consumption, 106 
keal/hr. we ap oe Re 8.66 5.48 
Heat consumption for heating of blast, 
106 kcal/hr. .. ea ce ay 18.75 20.25 
Total 27.41 25.73 
106 kcal/hr. 
Heat consumption per NPT cub.m. of 
blast, kcal me fe ee “a 354 332 
(4) Aerodynamic Power Unit 
Temperature at turbine inlet, deg. C. 650 650 
Upper circuit pressure p; at max. load, 
kg./sq.cm. .. ea aed Ps 30.0 30.0 
Lower circuit pressure at max. load, 
kg./sq.cm. .. ey aa ‘< 75 7S 
Air circulation, kg./hr. ie cd 109,000 69,000 
Gross power output of turbine T, kW 7,550 4,770 
Power consumption of compressor K, 
We wa is a < ‘es 4,530 2,860 
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The subjoined data, therefore, are based on a back- 
pressure of 4 kg. per sq. cm. 

Actually, it will be preferable to equip plants Figs, 
2, 3 and 4 with high and low pressure turbines as shown 
in Fig. 5. In this arrangement, the low pressure tur- 
bine drives the blast compressor at variable speed cor- 
responding to blast requirements, while the high pres- 
sure turbine serves to drive the high speed compressor 
of the aerodynamic power unit. Output of the latter is 
controlled by adjusting the compression ratio of the circuit, 

The sectional view of a combined circuit-air and 
blast heater for 100,000 kg./hr. is given in Fig. 7, while 
the data appertaining are given in Table IT. 

TABLE II. 
COMBINED AIR AND BLAST HEATER ACCORDING TO FIG. 7. 











(1) Calcrific value of blast furnace gas, kcal/NPT cu.m. 1,000 
(2) Efficiency of air and blast heater, - cent .. 85 
(3) Air quantities : Blast, kg./hr. : oy 100,000 
Working air, kg. /hr. 109,000 
(4) Heat quantities (according to Table I) 
For power generation, 10; kcal/hr. 8.66 
For blast heating, i0°% kcal/hr. . 18.75 
Total 27.41 
106 kcal/hr, 
(5) Heat quantities passing through senting ene : 
Circuit air, 106 kcal/nr. z 35 
Blast, 106 kcal/hr. 15.95 
Total 23.3 
106 kcal/hr. 
(6) Blast furnace gas, NPT cu.m./hr. .. 27,410 
(7) a air (20 per cent excess air) NPT “ 
.. 27,600 
(8) whens ane Br 0 per ‘cent excess air), NPT cu.m. /hr. 52,000 
(9) Uptake temperature, deg. C., approx. hs o« 1 
(10) Heating surface : 
(a) for circuit air, sq.m. .. a 300 
(b) for blast heating, sq.m. 2,900 
Total 3,200 
sq.m, 





The furnace proper is of small dimensions, as the 
use of gaseous fuel permits the employment of high 
rates of heat release. The heating surface of 300 sq. m. 
for heating the circuit-air is arranged in the first pass 
of the heater, its surface area amounting to only about 
one-tenth of that required for heating the blast. Between 
first and second pass of the heater an additional burner 
is provided which enables independent adjustment of 
the hot blast temperature. The temperature distribu- 
tion throughout the heating surfaces of the combined 
circuit-air hot blast heater is charted in Fig. 8. It is 
also seen that the uptake temperature is low enough to 
obviate the need for a special combustion air preheater. 

It has already been mentioned that considerable 
advantages with regard to heat transfer accrue from the 
employment of compressed air. This improvement in 
the coefficient of heat transfer between the air and the 
tube wall is so pronounced, that with small air velo- 
cities and correspondingly low pressure losses, tube wall 
temperatures remain within the range of commercially 
available alloy-tube materials. 

Analogous considerations affect the choice of the ait 
velocity in the hot blast heating tubes, as an excessive 
pressure drop would call for an unduly large power 
consumption of the blower, and an excessive heat con- 
sumption per unit volume o* hot blast. The beneficial 
effects in this respect which accrue from placing the 
circuit-air heater in front of the blast heater, are evi- 
denced by the comparative data given in Fig. 9. Here 
it is seen that the addition of the circuit-air heater 
reduces the pressure drop requirements in the most 
exposed part of the blast heater from 1,090 mm. w.g. 
to 65 mm. w.g. 

This comparison is based on the assumption of a 
heat transfer coefficient of 60 kcal per sq. m. per deg. 
C. per hour for both arrangements. In the case of the 
blast heater alone it would, of course, be possible to 
lower this coefficient by using a lower gas velocity ; but 
it would be difficult to achieve a coefficient of less than 
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(A) WITHOUT SUPERPOSED 
CIRCUIT AIR HEATER 


Flue gas temp. 1300 
deg. C. 


External heat trans- 
fer coefficient (as- 
sumed) 60 kcal./m.2, 
deg. C., hr. 
Flue gas 
—— 
Mean tube 
temperature 
deg. C. 


wall 
850 


—_— 


750° 








2satm 


Internal heat transfer 
coefficient Mi = 309 kcal./m.2, deg. C. hr. 


Air velocity W 


= 178 m. 


ec. 


sec 
Pressure drop 4p = 1090 mm. WS/m. 


Therefore, Pressure Drop with A = 
Fig. 9. Comparative pressure drops per metre length of tube at outlet end of blast heater tubes. 








(B) WITH SUPERPOSED CIR- 
CUIT AIR HEATER 


External heat trans- 

fer coefficient 60 

keal./m.2, deg. C., 
hr. 


Flue gas tempera- 
ture 1000 deg. C. 
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30 kcal. per sq. m. per deg. 
C. per hour, since the 
required increase in tube 
spacing would increase the 
heat transfer by radiation. 





Flue gas 
— 
Mean tube wall 
temperature 850 
deg. C. 


Hi 103 kcal./m2., deg. C., hr. 
Ww 41 m. sec. 
65 mm. WS/m. 


4p 
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Fig. 10. Tubular blast heater and blowing plant with aero- 


dynamic turbine drive. 


Blast: 2 x 100,000 kg./hr., temperature 750 deg. C. 
Blower capacity : 2 x 3,000 kW. 






Fig. 11. 
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Space requirements of blower plant with tubular 


blast heater and aerodynamic turbine drive versus plant with 
Cowper stoves and reciprocating blowing engines for 100,000 


(a) Blower with aerodynamic turbine drive 


kg./hr. 


(b) Tubular blast heater 
(c) Blast furnace 

(d) Dust separator 
(e) Gas engine blower 
(f) Cowper stove. 


17 times Pressure Drop with B. 


But even so, the blast 
heater alone, in its most 

exposed parts, would have 

a specific pressure drop 


three times that of the 
combined apparatus. 


The combined blast 
heater, the blast blower, 
and the aerodynamic drive 
will best be arranged in 
one single building as 
shown in Fig. 10. This 
lay-out provides for two 
independent sets, each 
being capable of supplying 
100,000 kg. per hour of hot blast at 2.2 kg. per sq. cm. 
pressure and 750 deg. C. temperature. With a 
compact lay-out of this type, piping connections 
are short and plant operation is easy. The saving in 
space achieved with the use of the aerodynamic unit as 
compared to the usual type of plant equipped with 
reciprocating blowers and Cowper stoves, is evidenced 
by Fig. 11. The layout of an entire blast furnace plant 
equipped with aerodynamic turbine is given in Fig. 12. 
Each of the two blast furnaces is assumed to require 
50,000 kg. of hot blast per hour. In order to provide 
a 100 per cent reserve capacity, it is proposed to instal 
two independent hot blast supply plants, each with a 
capacity of 100,000 kg. per hour. Modern blast furnace 
plants are frequently equipped with blast furnaces 
having daily outputs as large as 1,000-1,200 tons, and 
these require blowers of correspondingly large capacity. 
Thus, for instance, two turbo blast compressors each of 
300,000 kg. per hour capacity, with a delivery pressure 
of 1.8 kg. per sq. cm. and equipped with a 10,000 kW 
drive, were supplied by the Escher Wyss company to a 
blast furnace plant in India. 
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Fig. 12. Blast furnace with compressor plant driven by 

aerodynamic turbine. Two blast furnaces of 50,000 kg./hr. 

blast requir ts ‘wo bl s of 100,000 kg. hr. each, 
(Full reserve capacity). 

(a) Blower wigh aerodynamic turbine (b) Tubular blast heater 

(c) Blast furnace requiring 100,060 kg./hr. blast 

(d) Dust separator (e) Gas engine blower. 





LATHE CUTTING TESTS ON ALUMINIUM AND ALUMINIUM ALLOYS, 


By E. von Burc. 


_ To the knowledge of the author, technical literature 
contains no useful references to systematic investigations 
of the cutting forces obtaining in the cutting of alumi- 
tlum with high rates of feed and high cutting speeds. 
Knowledge of the cutting forces is, however, important 

cause they serve as a significant criterion of the 
machinability of a material, the other criteria being 
the surface condition of the machined material and 
the life of the cutting tool. The cutting forces are 
also important in connection with the power require- 
Ments of the lathe. 

The main ‘purpose of the present investigation was 


(From Schweitzer Archiv, Vol. 10, No. 6, June, 1944, pp. 161-177.) 


the determination of the component cutting forces in 
relation to the cutting speed. The cutting forces were 
computed from the electric energy consumption of 
the lathe. Tables I and II show the investigated 
alloys in order of their cutting forces by taking a depth 
of cut of 2 mm. and a feed of 0.3 mm. as a basis. 
Note should be taken of the favourable influence 
exerted by high cutting speed upon chip formation— 
that is, upon the quality of the machined surface. 
For the investigation of the machinability of a given 
material four basic test procedures (partly comple- 
mentary to each other) are available, viz. :— 
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Fig. 1. Lathe used for test. 


(1) Determination of the cutting forces reacting 
upon the single-point tool. 

(2) Determination of tool wear. 

(3) Determination of surface quality of the machined 
material. 

(4) Determination of cutting temperatures. 


The tests were made for practical rather than for 
theoretical purposes, and are intended to establish 


TABLE I.—MaAtTERIAL AS SUPPLIED, OR IN SOFT CONDITION 


~ Average main “cutting force, kg. 





iv=100} 300 | 500 | 700 
H | | | m./min. 





Casting : | | 
Pure Al ; Al+5 per cent Cu | } | | 
Al+ 10 per cent Cu la 29-32 | 28-31 | 27-30 
Anticorodal (Al-Si-Mg) | 
Casting : 
Avional DTi (Al-Cu-Mg) | | 
Casting and Pressing : | H 
Avional S (Al-Cu-Mg) 
Pressing : : | 
Anticorodal (Al-Si-Mg) 





TABLE II.—MaAtTERIAL IN HARDENED CONDITION 


Average main cutting force, kg. 








Alloy , 
v=100) 300 500 | 700 
| | | m./min, 
Casting : H | | 
Al+5 per cent Cu ; 34-37 31-32 | 30-31 29-30 


Casting and Pressing : 
Anticorcdal (Al-Si-Mg) 
Casting : 


Al+ 10 per cent Cu | | 
| | 30-33 
| 
Avional DTi (Al-Cu-Mg) | 
| 


38-44 | 34-37 | 32-35 
| 


Casting and Pressing : 
_ Avional S (Al-Cu-Mg) 





44-53 | 38-46 | 36-45 | | 





Fig. 2. Cutting force components, 
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The lathe employed 


optimum machining conditions. 
for the investigation, which is shown in Fig. 1, wes 
originally fitted with an electric motor of 3 h.p., but 
had to be replaced by a 6.5 h.p. motor. It was fisst 
intended to measure the cutting forces direct by means 
of electrical dynamometers fitted with dial indicators, 
but these were unsuitable because of vibrations 
prevailing with large cutting depths. It was therefore 
preferred to compute the cutting forces from the 
electrical power consumption of the lathe. 

Referring to Fig. 2, the cutting force P exerted 
upon the tool is the resultant of the three components 
Pv = longitudinal force, Ps = radial force, and 
PH = tangential force. The velocity component asso- 
ciated with the longitudinal force is the feed rate of 
the tool, which from the aspect of this investigation 
is negligible. It amounts to 0.0074 m/sec. at 
1,486 r.p.m., the maximum speed employed. The 
corresponding power consumption therefore may be 
assumed as nil. As no velocity component exists in 
the case of the radial force, the corresponding power 
consumption is also nil. Practically, the power 
absorption is therefore solely determined as the product 
of the tangential force PH and its coordinated speed 
component v which is the peripheral speed of the 
work piece. The power absorption is thus given by 
L = Pu v (kg. m./sec.). 

With an efficiency 7, the power absorption of the 
lathe is given by L = N.7, where N is the electrical 
energy consumption of the motor. Since N . 7 =Pu.», 
it can be written PH = N.7/v (kg.). If nm is the 
number of revolutions of the spindle per minute, 
and D is the diameter of the work piece, the cutting 
speed will be given by v = Dan/60 (m./sec.). The 
efficiency of the lathe was determined at spindle speeds 
of n = 186, 371, 528, 742, 1,058 and 1,486 r.p.m. 
The relationship between lathe efficiency and power 
absorption at different spindle speeds is charted in 
Fig. 3. 


Efficiency % 





2 3 4 
Power absorbed bv lathe, np. 
Fig. 3. Lathe efficiency curves. 


In determining the most suitable shape of the 
cutting tool from the aspects of highest cutting 
efficiency and surface quality, the tool angles (Fig. 4) 
must be chosen from the viewpoints of large depth of cut, 
small rate of feed, and high cutting speed. The tool 
angles recommended for high speed steel are listed 
below. 





Brinell hardness Cutting edge angle, degs. 


of light alloy 








to be machined Oo B | y 
a ee he 5 .. | 610 | 30635°| 54-45 
50-80... es te exe 6-10 35-45 49-35 
> 80 a <e sie 4) 6-10 45-50 39-30 
High Si alloy .. fe ae 6-9 62-66 22-15 
Alloy for automatics .. = 6-10 79-80 5-0 





For sintered carbide tipped tools the following angles may 
be used: o = 6-10, B = 65-80, y = 19-0 

Diamond tools have proven highly suitable for the 
dressing of aluminium work pieces. They are specially 
suited to mass production purposes and are outstandingly 
useful in the machining of Si-alloys. 

The investigations were conducted with cobalt steel, 
the tool angles being « = 8 deg., 8 = 45 deg., and 
y = 37 deg. with an entering angle of 90 deg. Sinc 
it was found that the avplication of a cutting fluid 
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remained without noticeable influence upon the cutting 








































































































loyed : : : 
force, all tests were conducted without cutting fluid. 
. but Straight Rougher The work pieces were thick-walled tubes of 200 mm. 
5 ficst external and 90 mm. internal diameter, the respective 
neans \ compositions of the pieces being as follows :— 
—_ pe. | Si | Fe | Mn | Mg Cu, Ti 
ations 
refore ee. Z Pure Al a we | (Ol ce) = - — — 
1 the a Al + 5 per cent Cu | 0.2 0.5 mee | a= 4.7 mS 
we Al + 10 per cent Cu 0.2 0.6 _ — 10.4 — 
. A Al-Si-Mg: | 
certed = (a) ee | 0.9 0.2 0.3 | 0.6 | 0.1 | traces 
- Al-Cu-Mg: | 
sapecer K ., Avional DTi | o3 | 03 | 05 | 05 | 3.9] O.1 
and sl Avional S.. | of | os | 13. 69 | Sat — 
asso- . e;vr. i nw ia ner ge ran aes era 
ate of se ~ Prior to machining, samples were cut off for 
zation PA es examination of the macrostructure. 
Cc. at 7 X The tangential or main cutting force was determined 
The for different speeds with depths of cut of 1, 2 and 3 mm., 
ay be the feed rate being 0.3 mm. The data obtained were 
sts in entered in “ Cutting speed” v. “ Cutting force” 
Dower charts, in which the scitter of the data is indicated 
Dower by maximum and minimum range curves. Mean 
‘oduct ad values are shown by curves drawn in broken line. 
speed 6 
f the (3 ax 
en by Bs a 
c = 
of the s oe 
trical 39 io 
> re 
H.v wo a Ser 7 
Ss the oa e ees 8508 o-oo ee --9-----~------ 2am 
. | 
inute, ; ys < 
ad Knife or Side Cutting Tool i ie & Cid t= pares aoe 2-8 -—- F—— tan 
peeds i 
r.p.m. +- " 
power Cutting speed 
ed in y ‘7 9 +200 «00”:t«—«Osi(itti«iOtC(tit 0 elms 
Fig. 5. 
=: Machining test of Al + 5 per cent Cu casting ‘‘ as supplied.’’ 
~| Round Nose Dressing Tool 60 
Th 
wy 
a $ 
(c) Lu 
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yf the = 
utting 10) 
‘ig. 4) 
1g. 4) Cutting speed 
of cut, Fs + . : 
2 tool 0 100 200 300 400 300 600 Joo 800 900 m/min 
listed ‘e. 6 
Machining test of Al + 10 per cent Cu casting ‘‘ as supplied.”’ 
gS. a 
Y 
45 $s 
35 £ 
1-30 $ 
15 5 40) -- 1mm Depth of cut 
0) — 
may 3 ad . 
: Fy ae 
c v 
or the (d) ¥ 20 a rat 
ecially ee ry 2 ber SS tam 
dingly to 
- steel, Cutting speed 
a = 4 , F ? F a 
"Since Fig. 4, Single-point tool shapes and tool angles. . ee ee ee ee 
fluid & %= working relief angle; B = lip angle; ¥ = rake angle; Fig. 7. Machining test of Al-Si-Mg alloy Anticorodal casting 
4 € = nose angle; « = entering angle, ** as-supplied.’* 








Avional S Casting 


Hardened” soft 


As supplied 


Main cutting force:in kg. 





o ‘ a 3 e ' 2 3 a) e 2 
Depth ‘vam Pd 


° Annealed for 4 hours at 490-500 deg. C. and quenched. 


Avional S Pressing 
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Avional DTi Casting 


Hardened” As supplied Hardened * 








Annealed for 4 hours at 505-515 deg. C. and quenched. 


” Fig. 8 Main cutting force v. depth of cut and cutting speed. 


Tool as per Fig. 4b. & = 8 deg.; B= 45 deg.; K = 90 deg. 


These charts are exemplified by Figs. 5, 6 and 7, 
where it is seen that with increasing cutting speed 
the main cutting force tends asymptotically towards 
a limit value. This is a well-known phenomenon 
which is probably due to the decrease in friction 
between chip and tool face with increased cutting speed. 

In Figs. 8a, b and c, referring to Avional, the mean 
values of the cutting forces for various cutting speeds 
are shown in relationship with the depth of cut. 
A characteristic feature of the cutting test is the 
coefficient of chip deformation which represents the 
ratio of the theoretical developed chip length to the 
actual (shorter) chip length. In general, the smaller 
this ratio the better is the quality of the machined 
surface. This deformation coefficient varies in straight 
proportion with the cross-sectional area of the chip. 
In Fig. 9 the values of the deformation coefficient 
found for the different materials investigated are plotted 
against the cutting speed. It is seen that particularly 
at low cutting speeds, the soft pure aluminium exhibits 
considerable chip deformation as compared to that 
registered with the aluminium alloys. Chip deformation 
and with it the deformation coefficient, is seen to decrease 
with higher cutting speeds. 

Chip formation as such is conditioned by the 
deformability of the machined material, the lip angle 
of the tool, and the cutting speed. In the case of 
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Fig. 9. Chip deformation, 


Rate of feed, 0.3 mm. per revolution. 


a discontinuous chip, the maximum deformability of 
the material is exceeded in the cutting process. A typical 
instance of this type of chip formation is the woolly chip 
produced by automatics, this being purposely produced 
by the choice of appropriate alloys. The production 
of a continuous chip is an indication that the maximum 
deformability of the material is not exceeded in the 
cutting process. A discontinuous chip will always be 
produced by a combination of very low cutting speed 
and a large lip angle of the tool. Since a continuous 
chip is synonymous with the highest quality of the 
machined surface, it follows that cutting should always 
be carried out at optimum speed. 

Another characteristic phenomenon is the built-up 
edge consisting of material torn from the surface being 
machined and adhering to the working edge of the tool. 
During the cutting process this built-up edge is 
periodically torn off the tool edge, tearing off and 
re-forming, thus constituting a cyclic process which 
adversely affects surface quality. Formation of the 
built-up edge can be avoided by the choice of an 
adequately high cutting speed. It is also counteracted 
by efficient lubrication. The chips produced during 
the various tests conducted were consistently of the 
continuous type of varying length. In machining 
the cast materials it was observed that the chips 
tended to shorten with higher cutting speed, as will 
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Fig. 10. Chips obtained with machining of Avional-S casting. 
**as supplied.’’ About } natural size. 
No. 1 Cutting speed, m./min. 110 
» 2 » » 220 
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Fig, 11b 
Chips obtained with machining of Anticorodal 


casting ‘‘as supplied.’’ Magnif. 4.5 « 


No, 1 Cutting speed 110 
230 


” 2 ” 3 

” 3 ” 320 
2a 450 
» 5 2 630 


‘Casting 
(1) Pure Al 


(2) Al + 5% Cu 


A . 
(3) Al + 10% Cu Ss supplied 


200 300 400 $00 600 700 m/min. 


Cutting speed 


Casting 
1) Pure Al 7 
(2) Al + 5% Cu: 
(3) Al + 10% Cu hardened 


200 300 woo $00 600 700 m/mie 


Fig. 12, Specific 
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h.p. 
———J 
eee 
eol-—2: 
1) Anticorodal casting, 7 (1) Avional S$ 
as supplied casting 
(2) Anticorodal ““— (2) Avional DTi [AS supplied 
, casting 
; 3) Avional S pressing 
a 8 soft | 


200 
Cutting speed 


output in cu. cm. per min., h.p, versus cutting speed. 
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be seen from Fig. 10. The photograph of the 
continuous chips obtained in the machining of cast 
Anticorodal shown in Figs. 1la and b clearly reveals 
a tendency towards the formation of smoother chips 
with higher cutting speed. 

The mean cutting forces obtaining with the 
machining of the binary alloy Al + 5 per cent Cu 
at a cutting speed of 100 m. per minute were found 
to be larger than those recorded for either the pure 
aluminium or the Al + 10 per cent Cu alloy. This 
difference in the cutting force tends to disappear with 
the higher cutting speed, so that at 700 m. per minute 
cutting speed, the respective cutting forces of the 
three materials are practically identical. The following 
data were recorded with a depth of cut of 2 mm. and 
a feed rate of 0.3 mm. 





Cutting speed v (m./min. ) 
100 300 700 
Main cutting force, kg. 





Pure Al es as as ye 34.4 31.2 |; 29.6 
Al + 5 per cent Cu as delivered .. 41.5 | 32.4 ; 30.6 
0. hardene .| 37.6 | 31.6 | 30.0 

Al + 10 per cent Cu as delivered.. | 34.8 | 30.6 | 29.4 
do. hardened | 34.4 | 31.2 | 2916 





The cutting forces observed in the machining of 
Anticorodal pressings were found to lie above those 
recorded for the cast material. Hardening was found 
to increase the cutting force on both the casting and 
the pressing, The cutting force values found are as 
follows :— 





Cutting speed v (m./min.) 
100 300 700 
Main cutting force, kg. 





Casting : } | 
As supplied 34,0 | 29.0 j 27.5 
Hardened oe | 38.0 | 33.8 | 30.7 
Pressing : | | 
Soft ee | 40.0 34.2 | 31.2 
Hardened .. | 43.8 | 37.0 | 33.2 





In the case of the Al-Cu-Mg alloy (Avional) it was 
noted that the cutting forces obtaining with the lower 
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Fig. 13. Influence of lip angle upon main cutting force and 


specific output. 
Material.—Anticorodal-B casting, machined with tool Fig. 4b 
without cutting fluid. Feed rate, 0.3 mm. Depth of cut, 2 mm 
@% = 8 deg; B = 4 deg., 60 deg., 70 deg.; K = 90 deg. 


alloyed cast material Avional DTi were considerably 
higher than with the Avional S cast material, particularly 
so when machining the former in “as supplied ” 
condition. It has not yet been possible to ascertain 
whether or not the different cutting forces of the two 
materials are due to the greater structural fineness of 
the Avional DTi casting as compared to that of the 
Avional S casting. In the machining of the Avional S 
pressing greater cutting forces prevailed than with 
the cast variety of this material. This difference tends 
to spread with increased depth of cut. Hardening 
likewise leads to an increase in cutting force. For 
a depth of cut of 2 mm., the following data were noted. 
— -_ v (m./min.) 
500 
"ie one force, kg. 








Casting : H 
Avional DTi: | H 
As supplied 43.6 38.0 ' 36.6 
Hardened | 48.0 | 40.7 | 38.8 
Avional S : | | | 
As supplied ie 39.2 32.3 | 29.6 
Hardened ‘ | 43.8 38.4 36,2 
Pressing : | 
Avional S : 
As supplied .. ot | 42.8 39.0 | 37.8 
__ Hardened _ 53.2 46.2 | 45.9 


The nites cutting ans in ties /sq. mm. obtaining 
with Anticorodal castings and also with Avional-S 
pressings were computed by dividing the main cutting 
force by the cross-sectional area of the chip, the latter 
being obtained from length and weight of the chip. 
It was found that for a constant rate of feed the specific 
cutting force decreased noticeably with increased depth 
of cut, especially so in the case of the hardened material. 
Since for the sake of high surface quality a minimum 
rate of feed should be combined with high cutting 
speed, optimum conditions will result if the cutting 
depth is chosen as large as possible. This will secure 
a maximum output per horse power supplied. The 
specific outputs in terms of cu. cm. per minute per h.p. 
ascertained in the machining of the various alloys are 
charted in Fig. 12, 

As will be seen from Fig. 13, with all other 
conditions remaining equal, the magnitude of the main 
cutting force increases with the lip angle of the 
single-point tool. This chart refers to the cutting 
of a hardened Anticorodal casting, three different lip 
angles of 45, 60 and 75 deg. being used. By deter- 
mining the corresponding specific outputs it was found 
that the output obtained with a lip angle of 70 deg. 
was 1.2 to 1.4 times that recorded with a lip angle of 
45 deg. In continuous production this would correspond 
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0 100 200 300 
Cutting speed In m/min 
Fig. 14. Determination of cutting edge temperature according 
to Gottwein-Reichel two-steel method. 
Material : Anticorodal pressing, hardened. 


to a noticeable increase in power consumption. 

In order to gain some information on the temperature 
prevailing at the cutting edge, an Anticorodal pressing 
in fully hardened condition was machined with the 
employment of the two-steel method, according to 
Gottwein-Reichel. In this method two single-point 
tools of different materials are used, the cutting points 
acting as a thermocouple, as indicated in Fig. 14, 
This chart was established on the basis of a constant 
feed rate of 0.2 mm., the depth of cut being chosen 
as 0.5, 1.0 and 2 mm. respectively. The cutting edge 
temperature is seen to increase sharply with the cutting 
speed, its trend being towards an upper temperature 
limit. 
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WELDING CONDITIONS AND 


OF SPOT-WELDED ALUMINIUM SHEETS. 


By R. IRMANN. 


IN judging the quality of a spot weld, the investigation 
of the mechanical properties of the weld ranks foremost. 
While additional information can be obtained from the 
visual appearance, weld quality generally depends 
upon the welding condition as well as upon the 
thickness of the welded sheet and its physical 
characteristics. Consideration of the process involved 
in the formation of a spot weld serves to supply 
a certain amount of pertinent information with regard 
to the welding conditions to be chosen. It is also 
helpful in forming a picture of the influences originating 
in the physical properties of the different aluminium 
alloys. 

The welding current passing through the two 
sheets encounters the greatest electrical resistance 
(and thus creates the greatest heating effect) in the 
area of local contact between the sheets. By pickling 
or brushing the sheets prior to welding, the contact 
resistance between electrode and sheet is Kept at 
a minimum; it also depends, however, upon the 
welding conditions. In the melting of the contact 
area of the sheets, the heat loss by conduction increases 
and the heating effect is greatly decreased because 
of the small electrical resistance of the sheets proper. 
High amperage is therefore required, but this must 
be combined with a brief welding period. These 
aspects are well illustrated by an examination of the 
influence of welding time and amperage upon the shear 
strength of Anticorodal-B sheet. Referring to Fig. 1, 
it is seen that the influence of welding time upon 
shear strength is very small in the case of thin material. 
The choice of the correct amperage is, hewever, of 
decisive influence upon the strength of the spot weld, 
this fact being evidenced by Fig. 2, which shows the 
interrelation of shear strength and amperage. The 
fact that with very high amperage the electrodes tend 
to stick to the sheet, however, prevents the application 
of very large currents. In every case the increase in 
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Welding time, 
Shear strength of spot-welded 3 mm. and 2 mm. 
Anticorodal sheet as related to welding time. 


Fig. 1. 
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25 000 30 000A 
Welding current. 


Fig. 2. Shear Strength of spot-welded 3 mm. and 2 mm. 


20000 


) Anticorodal sheet as related to welding current intensity. 


(From Schweizer Archiv, Vol. 10, No. 6, June, 1944, pp. 177-181.) 
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El. Pr. 300 kg. 400 kg. 500 kg. 
El.Pr.600kg.  700kg. 1000 kg. 
Fig. 3. Influence of electrode pressure upon size of spot weld. 


Magnif. 10 
spot weld strength is solely due to the increased area 
of the weld. 

The size of the weld is dependent upon the electrode 
pressure, as the latter exerts a considerable influence 
upon the contact resistance between the sheets, and 
with it upon the extent of fusion produced. A variation 
in electrode pressure will therefore produce welds of 
different area, although welding time and current may 
be kept constant. This fact is evidenced by Fig. 3, 
showing spot welds produced with different electrode 
pressures ranging from 300 to 1,000 kg. The size 
of the weld is seen to increase with decreasing electrode 
pressure ; but, as also demonstrated by Fig. 4, its 
porosity is seen to increase, the highest electrode 
pressure producing a weld of maximum density. 

Attention must be drawn to the fact that the 
employment of high electrode pressure, to be successful, 
requires the use of slightly spherical electrode tips in 
order to avoid undesirable indentation of the sheet. 
High electrode pressure is of especial influence upon 
the scatter of strength values, which may be con- 
siderable with adverse welding conditions. The influence 
of electrode pressure in this respect is illustrated by 
Fig. 5, which shows the decrease in strength value 


Fig. +. Appearance of spot welds as related to electrode 


pressure. 3 mm, Anticorodal sheet. Magnif. 30 
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Fig. 5. Influence of electrode pressure upon scatter of shear 
strength values. (Spot-welded 3 mm. Anticoredal-B_ shect.) 
scatter with higher electrode pressures. This observa- 
tion also permits the gauging of the favourable effect to 
be expected from operation with a controlled variable 
electrode pressure, characterised by a lowering of the 
high initial pressure during the time of the passage 
of the welding current. 

The inter-relationship which exists in spot welding 
between the scatter of the shear strength values and 
the surface condition is still awaiting clarification. 
So far, the author’s investigations solely permit the 
conclusion that scatter increases with the thickness of 
the material. With thick materials the fusion zone 
shows a greater tendency to reveal such irregularities 
as porosities and fissures, the formation of which is 
favoured by rapid cooling and high temperature gradient 
respectively. In this respect also, the employment of 
controlled variable electrode pressure appears to be 
advantageous, this process causing compression of the 
weld subsequent to cessation of the welding current. 
In addition to closing porosities and fissures, a slight 
working of the metal is thereby effected. 

Fundamentally it would be desirable to replace the 
fusion welding effect occurring in spot welding by 
a diffusion welding process similar to that obtained 
with the hammer welding of aluminium. In addition 
to the employment of a higher temperature, the process 
of hammer welding requires the occurrence of a 
sufficiently high pressure combined with a sliding 
movement, the latter destroying the oxide film which 
forms an obstacle to diffusion. It would appear that 
the recently proposed employment of vibrating 
electrodes in the spot welding process is aiming in 
this direction. 

As will be seen in Fig. 6, with spot welding proper, 
complete destruction of the oxide film is effected solely 
in the fusion zone, while oxide films still remain 
plainly visible in the pasty transition zone, its tempera- 

. see ¥ 


ig 





Fig. 6. 





ar. 
Fig. 7. Fatigue fracture of spot weld in Anticorodal sheet. 
ture lying within the range delimited by solidus and 
liquidus temperatures respectively. The employment 
of diffusion welding for joining different metals such 
as copper and aluminium may be considered the only 
means of effecting a seam free from the harmful weld 
embrittlement experienced with fusion welding. It is 
interesting to note that it has been suggested to apply 
a system of combined electrode pressure and current 
control to the heat treatment of the finished seam. 

All this goes to show that the quality of the weld 
is dependent upon the state of the structure. Generally, 
valid specifications for the welding of a given material 
cannot therefore be establis‘ied as yet. 

The fatigue failure of spot weld has its inception 
at the point of maximum stress—that is, at the periphery 
of the seam where stress values five times the average 
stress are found to occur. Two spot weld fatigue 
failures are illustrated in Fig. 7, representing views of 
the fractures on the contacting side of the sheet. The 
line of fatigue failure is seen to follow the periphery 
of the seam and then to extend, in part, into the fusion 
zone of the seam proper. It is interesting to note 
that unlike the static strength, the fatigue strength 
does not increase with the diameter of the seam. This 
is explained by the fact that fatigue failure commences 
at the point of greatest stress concentration coincident 
with the periphery of the seam. The diameter of the 
spot weld itself is therefore of little importance. 

In a riveted joint the line of fatigue fracture follows 
a course similar to that described above—that is, the 
line of fracture follows the periphery of the head of 
the rivet. While riveted and spot-welded joints are 
comparable from the aspect of static shear strength, 
no such comparison is permissible with respect to the 
fatigue strengths of these two types of joint. 

Referring to Fig. 8, both a riveted joint and an 
autogeneous weld joining 1 mm. Anticorodal sheet 
yield a fatigue strength of 7 kg. per sq. mm., as 
compared to a fatigue strength of 9 kg. per sq. mm. of 
the sheet proper ; the spot-welded joint 










is ia s. shows a fatigue strength of only 
+ 5 kg. per sq. mm. Spot-welded 
joints should not be sub- 
jected to cyclic bending 
9, stress. 
Sheet 
at 


Riveted 







‘ Riveted and autog. welded 
Spot welded 


Autog. weld Spot welded 








{0 fo *40* 
Load cycles 
Fig. 8. Fatigue strength of spot-welded Anticorodal sheet 
(1 mm. thick) as compared to riveted, autog.-welded and 
original sheet. 
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CONNECTING ROD 


ACCELERATION. 


By Dr. ING. Ernst Frey, Altena. (From ATZ—Automobiltechnische Zeitschrift, Vol. 46, Nos. 7/8, April 25th, 1943, 
pp. 178-183). 


ACCELERATION IN THE DEAD CENTRE 
POSITIONS. 
THE imaginary centre of the connecting rod big end 
moving along the crank circle has a constant centripetal 
acceleration rw*, The imaginary centre of the little 
end of the connecting rod moves up and down along a 
straight line and has the same acceleration as the piston. 
Any other point on the connecting rod describes a path 
similar to an ellipse. It is well known that the piston 
acceleration is, 
p = rw? (1 + 2d), fora =O (ObDe) 
p=rw(1—A), for « = 180° (I.D.C.) 

In the following, a method is given by means of 
which these two equations can be found without the 
usual double integration of the equations for piston 
displacement, and which gives also the acceleration of 
any point of the connecting rod. 

If the connecting rod is considered to be moved 
along the crank circle, parallel to its original position in 
the O.D.C. (Fig. 1), then every point on the connecting 
rod, including the imaginary centres, has a downward 
acceleration of rw*. In reality, the connecting rod is also 
rotating around the crank pin with an angular velocity 
equal to r// times the crank velocity and in the opposite 
direction. Owing to this rotation, the centre of the 
little end has an additional downward acceleration, 


r \2 
(no ) = are 
1 


The total acceleration is, therefore, p = rw? (1 + 4d). 

In the O.D.C. position, any point along the centre line 
of the connecting rod, at a distance e from the big-end 
centre, has a resultant acceleration, 


r _ e 
porate (“e ) = ra" (1 +2.) ee (1) 


# 
a=0 
In the I.D.C. position the acceleration due to rotation of 
the connecting rod is directed downward while the 
centripetal acceleration is in the upward direction. 
hus, 


rN @ 
p= ret e(— 0 =—ret(1—2a) .. (2) 


l l 
% = 180° 





| SS 
rh 2 . = 
ps sirw2(t+a) 


= 





The acceleration of any point on the centre line is, 
therefore, as shown in Figs. 2 and 3. Inthe O.D.C. the 
acceleration of a point on the connecting rod axis 
increases uniformly from rw* (big end centre), to rw? 
(1 + A) (little end centre), while in the I.D.C. it de- 
creases from rw? to rw? (1 — A). It can be seen that in 
the I.D.C. positions the point situated at a distance //A 
above the big end centre, and in the O.D.C. position the 
point situated the same distance below the big end 
centre have both zero acceleration. At distances greater 
than //A the acceleration in the D.C. positions is even 
reversed. 

The acceleration of points situated outside the centre 
line is determined in the same way. As Fig. 4 shows, 
the accelerations pa, and pa, of two points A, and A,, 
symmetrically situated at the two sides of the centre line, 
are greater than that of the point A, but their vectorial 
sum Pa; > Paz = 2 pa. Thus, all points on the cross 
section normal to the centre line may be treated in the 
same way when the inertia forces are calculated. For 
the whole of the cross section the acceleration is as 
indicated in Figs. 2 and 3. In order to determine the 
inertia forces in the D.C. positions, the connecting rod 
is sub-divided into 10-15 elements 4 m, each of them is 
multiplied by the corresponding acceleration, and their 
sum total determined. The total inertia force is thus, 


f e 
ZS rw? i 1 -+ <1 )am 
\ l 


If the center of gravity of the connecting rod is at a 
distance e = é from the crankpin centre, and if dm = 
m = mass of the connecting rod, then 


g 
P = mrw” 1 +a) 
l 


180° 
= mw? [r + AE] 7 oe (3) 
If the mass of the connecting rod is divided into two 
parts and considered to be concentrated at the centre of 
the crankpin (mr) and at the centre of the gudgeon pin 
(ms) respectively, so that their centre of gravity co- 
incides with the actual centre of gravity of the connect- 
ing rod, then 
Po = mrrwr+msrw(1+A) .. (3a) 
180° : 
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Fig. 1. Resolving the connect- Fig. 2. Diagram of Fig. 3. Diagram of Fig. 4. The vectorial sum of the cen- 
ing rod movement into a accelerations at accelerations at tripetal accelerations of A; and A: is 
component parallel to the con- O.D.C. I.D.C. equal to twice the centripetal ac- 
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Fig.5. Resolving the connecting rod movement into an axial 
component and a rotation around the gudgeon pin centre. 


Fig. 6. 00 = acceleration of P. AO = piston acceleration. 


_ For the usual type of connecting rods the total 
inertia force becomes : 


CD: D.C, 
for A = 1.5 1.07 mrw? 0.93 mrw? 
for A = 1.4 1.08 mrw? 0.92 mrw? 
for A = 1.36 1.09 mrw* 0.91 mrw? 


ACCELERATION AT ANY ARBITRARY CRANK 
POSITION. 


The acceleration of a point on the connecting rod at 
any arbitrary crank position may be found, as before, by 
adding the acceleration due to an axial movement of the 
connecting rod parallel to the piston, and the accelera- 
— due to rotation around the gudgeon pin, as shown in 

ig. 5. 
(1) The downward (piston) acceleration is, 

d?s cos (a + ) cos? 

Sw (SEt AS) 

dt, cos B cos®p 
this is the same for every crank position. 

(2) The tangential acceleration due to rotation with 
the gudgeon pin as centre, is 

da’? B 
e — 
dt? 
where e¢ is the distance of the point considered from the 
centre of the little end. By double differentiation of 
B = sin A sin a. 


dp A cos? ~ sin B sin % 
= Aw? ( ) 
dt? 











cos* B cos B 




















Fig. 7. Accelerations p and inertia forces z of arbitrary 
points on the centre line of the connecting rod. 


Fig. 8. dp 
Accelerations p and inertia forces z at % = 90 deg. ( — = 0) 
dt 





: ‘| (A? — 1) sin « ] , ——_— 
= w = w SEEnEnE EEE ERE 
(1 — A? sin? a) cos? B | 
d’ B 


For «= 0° or 180°,, —— = 0 
2 


For « = 90° or 270°, the angular acceleration is a 
maximum, and the acceleration of the centre of the big 
end, perpendicular to the connecting rod axis is, 

d? Bp rw rw? 


dt? cos B V/1—® 


max. 
(3) The centripetal acceleration, corresponding to 
the relative rotation of the connecting rod is, 


ap \? cos a 7? 
e (=) =e[ a0 
dt cos B 











Fig. 9 











Fig. 9. The vectorial sum of the centripetal accelerations of 
P; and P2 is equal to twice the centripetal acceleration of P. 


Fig. 10. The vectorial sum of the tangential accelerations of 
P, and P2 is twicc the tangential acceleration of point P. 
A mathematical computation of these accelerations 
for a large number of crank positions is very involved ; 
a graphical method is, however, available. According 
to Fig, 6, the lines 1, 2, 3, 4 are drawn (ATZ, 1940, 
No. 15, p. 381) and the piston acceleration is then found 
ds 
to be AO = —. Since the direction and magnitude 
dt? 
of the resultant acceleration of the point K is known to 
be px = KO = rw’, the side KA of the triangle AOKA 
must be the resultant of the tangential acceleration 
(KL) and of the centripetal acceleration (LA) of the 
point K. Considering that both accelerations, 


/4? B dB 
e jana e ( 
( dt? dt 


line are proportional to the distance e, and have the same 
directions as the component accelerations of the point 
K, then the resultant acceleration of a point P is given by 
QO of the triangle QAOQ, which is obtained by 
drawing the lines PQ// AO. The scale is given by 
KO = rw. The acceleration of a number of points is 
shown in Figs. 7 and 8. Fig. 9 shows that the resultant 
centripetal acceleration of two points, P, and P, 
symmetrically situated at the two sides of the centre line, 
is equal to twice the corresponding acceleration of the 
point P. Similar is the case for the tangential accelera- 
tion (Fig. 10), but the resultant acceleration of the 
points P, and P, does not pass through the point P. 
Strictly speaking, therefore, the acceleration of points 
outside the centre line should be determined indi- 
vidually. This may be done graphically. If only the 
sum total of the inertia forces is required, the accelera- 
tion of a section of the connecting rod can be assumed 
to be approximately twice that of a point on the centre 
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Fig. 11. Resolving the inertia 
force R into forces H and D. 
line and determined accord- 
ing to Figs. 7 and 8. The 
connecting rod is subdivided 
into a convenient number of 
masses 4 m, and each is mul- 
tiplied by the corresponding 
acceleration. The values so 
found are drawn to scale, out- 
ward from the centre line. 
This gives a series of forces, 
z,e.g., Figs. 7 and 8. The 
resultant of these forces is 
found by drawing a force 
polygon (Hiitte I, 26th 
edition, p. 213). Finally, the 
forces acting at the connecting 
rod centres are found as 
shown in Fig. 11. The force 
at the gudgeon pin, H, acts in 
a horizontal direction (perpen- 
dicular to the axis of the 
crank shaft). The forces, R, D and H meet in one 
point and, therefore, the triangle of forces can be 
drawn and their magnitude determined. The force, D, 
acting at the crankpin is composed of a radial force and a 
tangential force, JT. The force polygon need not be 
drawn for R; by means of the force polygon the forces 
acting at the connecting rod centres can be determined 
also from the individual forces, z; —2n. (Hiitte I, 26th 

edition, p. 326, Fig. 54). 

A still simpler method is illustrated in Fig. 12. 
Each force 2) — 2, is resolved into a gudgeon pin re- 
action and a crankpin reaction, and these are com- 
pounded to give D and H. Finally D is resolved 
into a turning moment TJ and a radial force. 

This method (Fig. 12) can be used if the mass, the 
centre of gravity and the moment of inertia of the 
connecting rod are not known; it requires, however, 
a number of drawings (at least 11) of the type shown in 
Fig. 12. Much work can be saved if the mass, the 
centre of gravity, the static moment and the moment of 
inertia of the connecting rod are first determined. The 
simplest method is by experiment with the actual con- 
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Fig. 13. 
Combining the iner- aan nee 
tia force Py. ~ (due ~ 3 
to piston and centri- \ B 
petal acceleration) \ 
acting in the centre \ 
of gravity I with the p 
calculated tangential " . 
inertia force P; act- 

ing in point II. Nh \ 


7 
av 








| 
necting rod. Then for each crank position, (a) the 
inertia force due to the resultant piston and centripetal 
accelerations, p: and p,, and (b) the inertia force due to 
the ‘tangential acceleration of the connecting rod are 
determined. The resultant of these is found by 
drawing the force polygon. 

(a) The acceleration diagram (Fig. 13) gives the 
resultant px—»pz for the centre of gravity, I, of the 
connecting rod px —> pz multiplied by the total mass m 
gives the inertia force px+z acting at the centre of 
gravity, at a distance 7; from the gudgeon pin centre. 

(b) The inertia force due to rotation, of an element 
dm at a distance e from the gudgeon pin centre is, 

d? 








dP, = e — dm =eedm, 


and the total force due to rotation is 
e=I 





[2 2f% 2% 


fz / [ 












Fig. 12. The forces H and D are found by 
adding the partial forces due to z; ... . 26. 


e 
P. =e {eam - = { e dG, 
& 
e=0 
e 
or Py = — Mst (kg.) .. 


The static moment Ms; is the product of the connecting 
rod length (/) multiplied by the vertical force acting on 
the big end centre when the connecting rod is in a 
horizontal position and free to rotate around the little 
end. 

The distance of point 1 from the little end centre 
(force P; acts at point 11) is given by 

Ma 
n= — 
wae Pr 

If 7 denotes the moment of inertia of the connecting 
rod around the little end centre, then Ma = Fe. There- 
fore, 

Fe g g] 
nll = — = Je = —(meter) .. (5) 
Py €Mst Mst 

Hn is neither equal to 7; nor to the radius of gyration 
p = V Fim. P; is marked off at a distance yy from the 
centre line, at 90 deg. to it. The resultant R of Px+z 
and P; is found by completing the force diagram. The 
force S acting at the crankpin centre passes through the 
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point of intersection of R and a horizontal line drawn 
through the little end centre. 

The method illustrated in Fig. 13 can be further 
simplified. It is sufficient to determine the point of 
intersection x, of Px+z and P;. The inertia force R 
passes through this point and its magnitude is given by 
R=) m. Its direction is the same as that of the 

* acceleration p;, of the centre of gravity. Fig. 14 shows 
a graphical method of determining R. After the centre 
of gravity 1, and the centre of gravity of the inertia 
forces II are found, the lines 1-11 are constructed, the 
line 12 drawn parallel to 10, and 13 perpendicular to the 
connecting rod axis, and finally R parallel to line 11. 

This method can be made very simple by a suitable 
choice of the scale. The crank radius is usually drawn, 

mre 
r = ——~, where 1 cm. = 1 or 2 kg./cm.? piston area. 

From R only the reactions at the connecting rod 

centres can be determined. If the stresses in the 
connecting rod are to be investigated, the latter must be 
subdivided into a number of elements, as before. 

It would be of general interest to determine the 
tangential inertia forces acting on the crankpin for all 
crankpin positions between « = 0 deg. and ~ = 180 deg. 
This would show whether it is justified to add a part of 
the connecting rod weight to the piston, as is usually 
done in practice when the inertia forces are calculated. 
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Fig. 14. Graphical deter- 
mination of the resulting 
connecting rod inertia force 
R, the supporting forces S 
and H and the tangential 
force T. Distance 11 = ac- 
celeration of the centre of 
gravity. = mw? distance 
11 (if crank mechanism , 
represented to scale 1:1), I 
and II as in Fig. 13. 








BEARINGS 
(From Kunststoffe, Vol. 33, No. 10, 


October, 1943, pp. 243-249). 


EXPERIENCE with plastic bearings during the last few 
years has been generally satisfactory, but there were 
also cases of failure. One reason for failure was due 
to lack of uniformity of the plastic materials used for 
bearings, and in that respect the type of filler is of 
particular importance. Swelling of the material is 
another variable factor influencing the results as well 
as the structure and the nature of the bearing surface 
which affects lubrication, particularly under boundary 
lubrication conditions. 

For a practical evaluation of the influencing factors, 

TABLE I. 





Type of Resin Resin Content 





Pressed T-2 Bushes with Cellulose Shaving Filler. 


Ll | Phenol—Novolak [ 42% 
L3 | Phenol—Resole 42% 
LS | Kresol—Novolak | 42 % 
by | Kresol—Resole | 42° 

L 24 | Phenol—Kresole—Resin 42 % 
L 25 | Phenol—Kresole—Resin 42 % 
L 26 Phenol—Kresole—Resin 42% 
LZ | Phenol—Kresole—Resin 35 % 





Pressed T—2 Bushes with Mixed Fabric—Shred Filler 














L9 Phenol—Novolak 42 % 
Lil Phenol—Resole 42 % 
L 13 Kresole—Novolak 42 % 
L 15 Kresole—Resole 42% 
L 28 Phenol—Kresole—Resin 422% 
L 29 Phenol—Kresole—Resin | 42 % 
L 30 Phenol—Kresole—Resin | 42% 
Lai Phenol—Kresole—Resin | 35 % 
TABLE II. 
THERMOPLASTIC MATERIALS WITHOUT FILLER. 
| Type of Material 
L 38 Hard Mipolam 
L 39 | Vinidur 
| Pressed T—2 Bushes with 
Type of Resin | | — Content 
L35 | Phenol—Kresole—Resin | y/, 
L 36 | Phenol—Kresole—Resin |! rr % 
37 Phenol—Kresole—Resin | 42 op 





it was necessary to carry out comparative tests with 
various types of materials under carefully controlled 
test conditions. The result of these tests is discussed 
in the following. 

Tables I and II show the materials investigated. 
The hardness of the materials was measured with a 
Shopper-type apparatus, with 50 kg. load, 10 mins, 
loading time, and a 5 mm. dia. ball indentor. The 
results of these tests are shown in Fig. 1, but it should 
be born in mind that since the indentor penetrates be- 
neath the surface of the material into the filler, no con- 
clusions could be drawn regarding surface hardness 
of the material. 

The bushes were supplied by Messrs. Dynamit 
A.G., and on some thermoplastic bushes a slight 
ovality was observed. 

03 
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MATERIAL: TYPE T2 (CELLULOSE SHAVING) 
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MATERIAL: TYPE T2 (MIXED TEXTILE SHRED) 
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A standrard oil (BC8) and two types of synthetic 
oils (S, and S,) were used in order to gain some in- 
formation also on the influence of lubricants on the 
bearing properties. The bearings were tested under 
static loading conditions. 

TEST APPARATUS AND METHOD OF TESTING 

A schematic arrangement of the test apparatus 
developed by the Technical College of Dresden, to test 
bearings up to 60.25 mm. dia. and 40 mm. width, is 
shown in Fig. 2. The oil inlet temperature and pres- 
sure were kept constant at 30 deg. C. and 1 atmos. 
respectively throughout the test. The oil film tempera- 
ture was also measured, approximately at the point of 
maximum load by means of a thermocouple fixed in the 
surface of the bearing. Provision was also made to 
measure the oil flow. 


Test bearing 
/ 


3 |. 

/ ——s 
git 
s 




















Fig. 2. 
Measurements. 
(1) Load (kg.) (2) frictional torque (mkg.) (3) oil pressure (atmos.) 


(4) oil inlet temperature (deg. C.) (5) galvenometer (6) cold juntion 
temperature (deg. C.) (7) temperature in oil tank (deg. C.) (8) rate of 
oil flow (cu. cm. /sec.) (9) shaft speed (r.p.m.). 

The friction torque, Mar, was measured by hanging 
weights on the bearing shell and thus balancing the 
torque from which the value of the coefficient, jz, could 
be calculated by means of the relationship, 

dr 
Uu = 


; Pct 
where r is the journal radius and P the load. The 
value of # depends upon the surface roughness of the 
bearing, the viscosity of oil, the wetting property of the 
agg of oil, etc., and therefore, represents an aggregate 
value. 

The bearing clearance was 
in all cases 0.25 mm., and the 
same shaft could be used re- 
peatedly since the tests were 
stopped before seizure occurred. rome 
The values of y were plotted “ ,, 
against speed, and the shape of 
the curves clearly indicates the 
point of change over from hydro- 
dynamic lubrication to boundary 
lubrication (Fig. 3). In_ this 
respect greatly varying charac- 
teristics were observed with the min 
different materials used. 
COMPARISON OF 

TERIALS. 

It is known from the hydro- 
dynamic theory of lubrication 
that the clearance between jour- g Pmax 
nal and bearing depends upon ~ min 
speed and load. If the speed 
falls below a certain minimum 
value, the oil film breaks down 
and metal to metal contact is 
established between journal and 
bearing. This condition can be 
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noted by the unstable operation of the test apparatus, 
e.g., flickering of the ammeter needle registering the 
input to the main driving motor, or oil pressure varia- 
tion. Alternatively, the speed can be kept constant at 
a reasonably high value and the load increased until the 
bearing temperature shows a marked tendency to rise 
rapidly. With plastic bearings particularly there is a 
rather strict limit to the maximum permissible tempera- 
ture which is about 80 deg. C. for T-2 type bearings, 
so that by observing the shape of the temperature-load 
curve a limiting load can be noted. 

As a quantitative basis of comparison of plastic 
bearing materials, therefore, these two characteristic 
values, namely speed (”min) and maximum load (pmax) 
were made use of, both of which are indenepent of yu 
and represent practical limitations. 


FRICTION, HEAT, SWELLING, RATE OF OIL 
FLOW. 


At high journal speeds, the criterion of satisfactory 
operation is given by the heat balance, that is the heat 
generated by friction and the heat carried away by the 
oil flowing through the machine, by radiation and by 
conviction. In the test machine practically the total 
heat generated had to be carried away by the oil, since 
the heat conductivity of plastic materials is very low, 
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and the arrangement of the test apparatus was such that 
very little heat could be conducted away through the 
journal or by radiation. For this case, therefore, 


Pate 
keal./sec. = Ar = Q(te—t,) cy and 
427 
Ay 
Q = ———_ kg. |sec. 
(tz — ty) Co 


where Q is the quantity of oil pressing through the 
machine per second, t, and t, respectively the outlet 
and inlet temperature of oil, and c, the specific heat of 
oil. 

In order to eliminate the effect of swelling, which 
varies for the different types of material, all bushes were 
designed with a clearance of 0.25 mm. on 60 mm. diam. 
This clearance was ample so that differences in swelling 
did not introduce an appreciable diminution of oil flow. 

An interesting feature of plastic bearings is that, 
clearance for clearance they permit a larger quantity 
of oil flow than metallic bearings. This appears to be 
anomalous, but in all probability it is due to the surface 
effect of plastic materials which results in an orientation 
of the oil molecules. In so far as if Helps to keep the 
temperature down, it is an advantageous feature of 
plastic bearings. 


TEST RESULTS, 


A very large number of tests have been carried out, 
and it is, therefore, only possible to give a summary 
of the results. A typical example of performance of 
T-2 type bearings is shown in Fig. 3. It can be seen 
that as the load increases, the condition of boundary 
lubrication is moved to the right hand side, i.e., to 
higher speed. The temperature also increases with 
speed and reaches 60 deg. C. with a load of 52.5 kg./cm? 
at 1000 r.p.m. The limiting load, as can be seen from 
Fig. 3, for this type of plastic is 52.5. kg./cm?. and co- 
ordinated to this load is a min. speed (mmin) of 80 r.p.m. 
In a similar manner values of (pmax) and (mmin) were 
determined for the other materials. Since the bearing 
capacity is directly proportional to load (pmax) and 
indirectly to the speed (nmin) this can be expressed 
conveniently as 














which is a useful parameter for making comparisons. 
(It is only a coincidence that the dimension of € are 
kg./sec. 
——— which is identical with that of viscosity). 

cm.” 

Fig. 4 gives the tabulated results. The three 
columns refer to tests with synthetic oil (S,), standard 
oil BC8, and a synthetic oil of high viscosity S,. 

Fig. 4 shows that the performance varies for the 
same type of resin with different filler materials, and 
to a lesser extent with the type of lubricant. This means 
that not any type of filler can be used in conjunction 
with a certain type of resin. 

The bearing properties are independent of hardness, 
since Fig. 1 shows no appreciable differences in hardness 
numbers, as compared with the results shown in Fig. 4. 
Similarly the resin content (Table I) is of little im- 
portance. 

It is interesting to note that of the special type of 
plastics, fillers of jute fibres did not show up well, 
contrary to expectations. 


THERMOPLASTIC BEARING MATERIALS. 


On account of softening at relatively low tempera- 
tures, thermoplastic materials were not expected to be 
of much use for bearing applications. As can be seen 
from Fig. 5, however, Mipolam has shown good results 
with loads of about 27 kg./cm?., and the high rate of 
oil flow through the bearing (Fig. 6) indicates very low 
bearing temperatures. These tests have proved that 
there is a useful field for thermoplastic bearings—operat- 
ing at high speed and comparatively low loads. 

Fig. 7 shows a graphical representation of the 
limiting load and speed. In this case the upper limit 
of velocity was arbitrarily chosen as 2000 r.p.m. or 6.28 
m. sec., but since the temperature rise with increasing 
speed is rather flat, the diagram could be extended to 
above 2000 r.p.m. provided that the value of pv is not 
exceeded. As the rate of oil flow increases rapidly 
with increasing speed, it can be safely assumed that 
sufficient cooling takes place also at higher speeds. 


WATER LUBRICATION. 


Experiments were also carried out with water 
cooling. As can be seen from Fig. 8, fully hydro- 
dynamic conditions of lubrication were attained at a 
speed of r = 4.7 m. sec., and the value of pmax does not 
exceed 20 kg./cm?. Thus with water lubrication stable 
conditions are reached only at relatively high speed, and 
until this condition is reached the danger of seizure is 
prevalent. On the other hand, owing to the lower 
viscosity of water as compared with oil, the rate of flow 
of water is much greater and combined with the high 
specific heat of water the temperature conditions are 
very satisfactory. Experience in rolling mills confirms 
these results. Although the load is rather high (200 
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kg./cm*.) and the 
speed low (5 m. 
| sec.) in rolling 
;— at 70r9.m. uw» 0-08S60 | mills, the load is 
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only intermittently 
applied. Conse- 
quently a wear of 
the bearing does 
take place, but is of 
a lower rate than 
with metallic bear- 
ings. 

Fig. 9 shows the 
limiting load and 
speed conditions for 
L 30 Type 2 plastic 
bearings, similarly 
to Fig. 7 for Mipo- 
polam. This dia- 
gram might serve 
as a useful guide 
for design engineers. 
It shows clearly the 
maximum permis- 
sible loads up to 
SS ee ee ___| speeds of 6 m. sec. 

© ~ 400 800 1200 1600 2000 Fig. 8. 

RPM. 


— 2 400rpm. “2002815 _ 
+—at 100rp.m. = 002520 


at S00rp.. 4= 0-03500 


———— 





0-006 














The viscosity and rate of oil flow must, of course, be 
considered. Summarizing, it can be stated that with 
thermosetting materials a maximum load of 50 kg./cm?. 
should not be exceeded, and in practice designs should 
be based rather on 30-40 kg./cm?. 

Improvements can be made by applying the plastic 
material on to the shaft, or if it would be possible to use 
metal bearings with thin layers of plastic coatings in 
order to reduce swelling. 
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THE OERLIKON ELECTRO-DYNAMOMETER BALANCE 


By W. BoreL and W. KESSLER. 


WHEN used as a generator, the electro-dynamometer 
balance serves to determine the power output and the 
efficiency of a prime mover, such as an internal com- 
bustion engine} an electric motor, or a turbine and the 
like. Vice versa, when the dynamometer is used as a 
motor, it enables the determination of the power con- 
sumption of all kinds of power consuming revolving 
machinery, such as pumps, compressors, machine tools, 
etc. Owing to its superior accuracy, and its ease of 
application, the electro-dynamometer balance is not only 
employed for purposes of scientific research, but also for 
rapid routine testing of machines produced in series, as 
illustrated in Fig. 1. 





(From Bulletin Gérlikon, No. 246, November/December, 1943, pp. 1576-1580.) 


A dynamometer may be built for either alternating 
current or for direct current operation. In electrical 
respects its working principle is that of an ordinary 
electric generator or motor respectively, its design 
features differing from those of the ordinary electric 
machine only in so far as the stator is mounted on 
trunnions of the ball-bearing type. As will be seen in 
Fig. 2, the stator is equipped with levers carrying 
travelling poises similar to those of an ordinary steelyard. 
The position of these poises must be adjusted to bring 
the levers back into the zero (level) position when the 
dynamometer is under the test load. In the zero 
position the product of lever length times weight will 
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Fig. 2. Schematic diagram of Electro-Dynamometer Balance. 


then equal the torque either exerted by the prime mover 
to be tested, or exerted by the dynamometer upon the 
power consuming machine, as the case may be. 

As the power losses originating in a mechanical 
transmission between dynamometer and the tested 
machine cannot be measured separately by the dyna- 
mometer, direct coupling between machine and 
dynamometer should be resorted to. In cases where 
rapid measurement is essential, a dynamometer com- 
bined with an automatic precision balance of the 
compensating double-pendulum type may be used. 
In this type of balance, which is illustrated diagram- 
matically in Fig. 3, the deadweight of the lever system is 
compensated for by means of the adjustable counter- 
weight G. The force acting upon the lever of the 
dynamometer is seen to be transmitted to the lever 
system of the balance via the knife-edge B. A reversing 
lever U is provided to effect uni-directional deflection 
of the index arm regardless of whether the balance is 
loaded by tension or by thrust. Vibrations of the index 
arm are deadened by means of the dashpot D. 
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Lever segment 
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Arresting lever 
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casing 
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Fig. 3. Lever system of double pendulum compensating 
balance. 


In order to obtain smooth and accurate indication 
the balance is provided with a pre-loading weight the 
effect of which is cancelled out by setting the balance 
correspondingly. If the dynamometer is to be operated 
in a rotational direction opposite to that for which the 
balance is set in this manner, the pre-loading must be 
correspondingly reversed. This is done by placing a 
deadweight upon the stator body (Fig 4) thereby pre- 
loading the balance to an equal extent in the opposite 
direction. 

In operation, the stator wil) be rotated from its 
original level position to an extent determined by the 
magnitude of the torque prevailing. But owing to the 
large leverage of the balance, this rotation will not 


exceed an angularity of 1°30’ at maximum torque. The 
effective leverage will not, therefore, be reduced to less 
than 0.9997 times its original length at maximum torque, 
which is a negligible reduction. A slight inaccuracy is, 
however, introduced by the reaction of the cooling air 
discharged by the dynamometer to atmosphere. This 
reaction is not transmitted to the stator nor is it registered 
by the balance. It is kept to a minimum by appropriate 
arrangement of the cooling air discharge. Actually, 
this error amounts to about 0.2 per cent in the case of a 
12 kW. dynamometer turning at 1,500 r.p.m. This 
error may be neglected in the case of small machines ; 
but where highest measuring accuracy is essential—and 
especially where this is required at high rotational speed 
—a chart indicating the required correction may be used. 


The total error incurred amounts to some ().1 per 
cent of the design torque of the dynamometer. If 
torques considerably smaller than the design torque are 
to be measured, this error will be correspondingly 
increased. Where widely differing torques are to be 
measured with highest accuracy, the provision of a set 
of dynamometers with complementary operating ranges 
is therefore to be recommended. For a given test, 
dynamometer capacity should be such that its operating 
range need not be extended below about 30 per cent. of 
the torque for which the dynamometer is designed. 


For a.c. operation, the dynamometer is equipped with 
either a squirrel cage motor or with a slip-ring motor, the 
latter offering the advantage of speed contro]. But 
two-, three- or four-speed dynamometers with special 
squirrel cage motors are also built. Generally, the 
employment of a.c. dynamometers will be resorted to 
only in cases where it is to operate as motor. In con- 
trast to this, the d.c. type may be operated with equal 
facility either as motor or as generator. Where small 
speed ranges are concerned, a machine with self- 
excitation will prove satisfactory. Better stability of 
operation over wide ranges of load and speed will be 
obtained with the use of an auxiliary exciter. 
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Fig. 4, Adding or removing ore-ioading weight according 
to the direction of rotation. 
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NEW ELECTRIC DRIVE FOR ROLLING MILLS 


By P. A. FRIDKIN. 


A NOVEL type of electric drive has 


(From Stal, Moscow, Vol. 1943, Nos. 9/10, October, 1943, pp. 30-36). 





been developed which is equally 
well suited for new rolling mill in- 
stallations and for the re-equipment 
of existing mills equipped with out- 
‘ of-date drives. This new drive can 
be best described by referring to a 
specific case in which the mill was 
driven by a steam engine of 1100 
ih.p. turning at 75 r.p.m. The old 
drive had to be urgently replaced by 
amore powerful electric drive to be 
rated at 1500 kW. Replacement 
of the steam engine and its flywheel 
by an electric drive of the conven- 





























tional type would have necessitated 





the shutdown of the mill for several 
months, since the old foundations 
would have had to be replaced by ; 
new ones for the motor. 

With the employment of the 
novel type of drive, however, the old flywheel could be 
made to serve as rotor of the new drive, as shown in Fig. 
1, Here the stator is seen to have the shape of an arc 
encompassing only the top part of the periphery of the 
flywheel rotor. This stator is equipped with 11 pairs 
of poles, the radius of the pole faces being 3822 mm. and 
the arc of the stator including an angle of 105 degrees. 
In electrical respects this machine is equivalent to an 





Fig. 1. 


105 
ordinary stator with a radius of r= 3822.——- = 1115 
360 


60.f 60.50 
mm. with a speed of n = —— = ——— = 273 1.p.m. 
Pp 11 
A considerable magnetic pull amounting to 40 tons is 
exerted upon the magnetised flywheel and thus supports 
in operation some 67 per cent of the total weight of the 
revolving mass. The synchronous speed of the machine 
60.7.f 


a7R 


pole pitch, f is the network frequency and R 
is the radius of the pole faces. As in the case 
considered it is r = 300 mm. and R = 3822 
mm., the synchronous 
60.300.50 

speed is n = —————— 
7 . 3822 
turning force per sq. cm. of active stator sur- 
face is given by the equation 


is given by the equation n = where 7 is the 


= 75 r.p.m. The 


rs 
fi = 0.51 Be? vs —— . 10° kg. |cm.2 
(22s)? 
where Be is the amplitude of the sinusoidal 
induction curve in the air gap, vs is the linear 
speed of the slip in cm. per second and ros 
and z,; are respectively the resistance cor- 
tesponding to the slip and the entire re- 
sistance of the rotor surface (Ohm per sq. 
cm.). In the case considered with a load of 
1500 kW. it is Be = 6900, vs = 63 m. per 
8€C., rs = 8.05.10°° Ohm per cm.? and 2.5 = 
8.1. 10° Ohm per sq. cm. 
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(1) Stator (2) Flywheel (3) Stator foundation 


Therefore 
8.05 . 10-6 


(8.1 . 10°*)? 


The difference between the values of r.; and 22s will in- 
crease with diminishing slip vs of the rotor. The total 
force developed by the stator is given by 


fi = 0.51 . 69002 . 63 . 10° = 0.188 kg. per 


sq. cm 


Tos 
F, = 0.51 Bo? vs —— . S. 10° kg. 
(22s)? 


where S is the active surface of the magnetic part of the 
stator insq.cm. The power of the developed machine 


Tos 


(22s)? 


where v; is the actual linear speed of the rotor surface 
taken at the radius of the pole faces of the stator in m. per 
second. The magnetic pull exerted during operation by 
the stator upon the rotating part of the machine is given 





is then found as P = 0.5 B.? vs ~ Sur. 10°7 kW. 
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Fig. 2. New type of electric drive 
of 1500 kW. output at 75 r.p.m. 


(1) Stator coil (2) stator core (3) 

stator casing (4) stator cover (5) fly- 

wheel rim (6) rim plates (7) rotor 

conductors (squirrel cage design) (8) 
wire bandage. 
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keep the rim plates from shifting 7 
upon the flywheel rim under the amou 
forces exerted by the stator or by the decre 
forces of acceleration. The com- bearii 
pression of 140 tons exerted by the stator 
bandages upon the rim is equivalent its tw 
to a frictional force of 28 tons ; and thus | 
, this alone is large enough to keep the ai 
; the rim plates from moving. loadir 
The construction of the joints spond 
between the rim plates (Figs. 2 and of the 
3) allows for thermal expansion of | such ' 
the plates, at the same time main- reduc 
taining an unbroken magnetic flux probl 
between adjoining plates. The novel 
temperature rise of the plates is the gt 
computed as 30 deg. C. above am- desigr 
bient air temperature. which 
The rim plates - bas rotor le 
contain axial slots which are ap- : ? 
roximately 1.4 x 2.0 cm. in sec- in 19° 
: Fi : len into “whddh steel and copper ball t 
ig. 3. Detail of flywheel conversion to rotor. ? A which 
(1) Rim plates (2) steel bolt (3) rim of flywheel (4) wire bandage. conductors are inserted. These are 1 
short circuited by copper end con- Lo 
1 Be \ 2 2 sin 9/2 nections of about 2 sq. cm. in cross section. The pur- electri 
by Fm = - (—) S. ——— kg., where k pose of the copper rods is to improve the electric contact to tha 
2 \5000 Y between the steel bars and the rotor plates. The total Tt 
is the Carter coefficient and @ is the angle included by weight of the rim is 8.8 tons including the weight of the so 
the arc of the stator. wire bandage, which amounts to 0.45 tons and that of f an 
The stator of the machine consists of the four copper which totals some 0.3 tons. The chief data of i 
principal elements shown in Figs. 1 and 2, namely : this novel machine are given in the subjoined table: or t 
(1) insulated stator coils; (2) laminated stator core of 
0.5 mm. electric sheet ; (3) the stator casing of welded a * E 
construction bolted to the concrete foundation; (4) . Conventional; Conventional) New type 
segments of sheet iron of 1.5-2.0 mm. thickness cover- ; electric | electric of elec- 
ing the core faces. The coil ends are securely held in — por ay | a By F. 
— to avoid ——— electro — stress. drive | geardrive | aes 
rovision is made to vary the air gap by plus or minus nae 
50 per cent of its normal value. i tc ect of pone ig hog sali | oa ions = — 
the novel system of axial ventilation, first introduced in Voltage xg - | 6,000 6,000 | 6,000 — 
1940, uniform and intensive cooling is achieved. oy, sets i | 50 50 50 fo 7 
The total weight of the stator amdunts to 10.8 tons, Number of pole pairs of stator ed To Se | aoe oy fo 
of which 0.8 tons comprise the weight of the copper and _ Rated efficiency, per cent . 87 o4i97 | 3 pide. 
3.0 tons that of the core. The weight of the casing is fowerfactor =. «ss | O55 gd > aa : 
5.8 tons,welded plate segments weighing another 0.4 tons Came requirements, tons ak Bn 1.45 | ia ya ” 
and other components amounting to 0.8 ton in weight. _Electric sheet requirements, tons. | 6 3.8 3.0 od 
The rim of the flywheel shown in Fig. 2 is equipped  Pecrease in frictional losses in | t- _— 
with a wire bandage, a new steel rim having been added ean yall, Aa ib gts ae HAS 120 d at er 
re of rae fs — Reso of the considerable cir- Lubricating ‘oil " consumption, | es > a | 0 of poe 
cumferential length of this rim (24 m.), the new rim was oS a a | ; : | 
made of a number of separate pieces fastened to the old oe peg pons og son | , . . - i 
rim by means of two wire bandages, as shown in Figs. 2 facture anderection of drive .. | 100 145 | 42 fi 
and 3. The bolts (2) serve to keep the rim plates in Shutting ve period of mill for | | 4 “— 
place while applying the bandages. Moreover, they eS. SSS Soe Se = pean oii 
identic 
dimini: 
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Fig. 4. Reciprocating pump equipped with novel drive. Fig. 5. Configuration of end of pole face. )  capacit: 
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The magnetic upward-pull actions on the rotor 
amount to 67 per cent of the weight of the latter, and 
decreases the load acting on the shaft and also on the 
bearings. The nominal turning force reacting upon the 
stator amounts to 5.2-6 tons uniformly distributed over 
its two arches, each of which is some 7.0 m. in length, 
thus giving a force of about 7.5 kg. per cm. of length of 
the arch. At the peak loading of 3500 kW. the linear 
loading rises to 18 kg. per cm. as compared to a corre- 
sponding force of 30 tons concentrated upon the pinion 
of the reduction gear of the orthodox motor drive, if 
such were employed. The absence of the conventional 
reduction gears, and so of all the attendant mechanical 
problems and troubles, is an outstanding feature of this 
novel drive. The higher the linear speed of the rotor, 
the greater will be the freedom of layout afforded to the 
designer. This is exemplified by the data listed below, 
which show the improvement in electrical and mechani- 
cal characteristics that can be obtained with higher 
linear speeds. The smallest machine listed was built 
in 1939 and serves as drive for a pulveriser mill of the 
ball type. Another machine for the same purpose 
which is under construction will be equipped with 30 
pole pairs, its specified speed being 24 r.p.m. Its 
electrical and mechanical characteristics will be superior 
to that of the 1939 model. 

The 280 kW. unit listed, serves as a drive for a reci- 
procating pump, as shown in Fig. 4. The 1500 kW. unit 
shown in Table II, represents the roll mill drive re- 
ferred to above. The high peripheral speed employed 
for the flywheels of rolling mills, compressors, etc., 


enables the choice of motor dimensions conducive to low 
weight and to optimum electric characteristics. 











TABLE II. 
Ball mill; Keciproc. | Roll mill 
| drive | pump drive drive 

Rated output, kW... .. | 240 | 280 1,500 
Voltage .. ae ae of 3,000 | 2,000 6,000 
Normal speed, r.p.m. .. : 29.8 59.3 75 
Frequency, cycles ee ae | 50 50 
Normal peripheral motor speed, | | 

m. /sec. a en Sa} 5 | 7.65 30 
Radius of rotor, mm. a 1965 | 1238 3817 
Air gap, mm. .. aa a | 2.8 | 1.6 4.5 
Unit weight of stator, kg./kW. 2.9 | j 0.75 
Rated efficiency, per cent ‘2 76 | 84 93 
Power factor .. ne <o | Cae 0.53 | 0.7 
Number of pole pairs .. a 48 | 20 11 





The configuration of the pole face at the ends of the 
arch of the stator core is outlined in Fig. 5. This 
shape ensures a gradual decrease in the magnetic flux 
towards the ends of the core. 

The advantages of this new type of drive as applied 
to the modernisation of rolling mills can be summarised 
as follows: The change-over from steam operation to 
electric drive can be much more quickly effected than 
with the conventional drive consisting of motor and re- 
duction gear. In the instance referred to, replacement 
was effected in 106 days. In such a relatively short 
period of time, removal of the old steam engine and 
its replacement by a conventional type of electric drive 
could not possibly be carried out. 


ESTABLISHING LISTS OF TYPES IN THE MANUFACTURE OF 
THREE-PHASE MOTORS 
By F. Gétz and B. CERNAVIN. (From Elektrotechnische Zeitschrift, Vol. 65, Nos. 21/22, June Ist, 1944, pp. 207-212). 


In establishing lists of types of electric motors, the two 
prime requisites to be met are (1) minimum cost of 
materials and (2) low manufacturing cost. That these 
two requirements oppose each other will be seen from 
the following example: It may be assumed that a list 
of types of X motors of different capacities is to be 
computed, all types to have identical numbers of poles 
and to operate at identical voltages. For each one of 
these motors a design can be found which requires a 
minimum amount of materials. But this would mean 
that every one of these motors would be of a different 
design. Thus there wovid be required X complete sets 
of castings, X sets of dies, and X complete sets of jigs, 
and, while requiring a minimum amount of materials, 
this list of types would nevertheless show highest 
manufacturing cost. 

In order to simplify the production of lists of types, 
machines graduated in size should have as many 
identical component parts as possible ; and in order to 
diminish the number of non-active parts, groups of 
machines must be formed in which the variations in 
output are obtained by increasing the length of the core, 
with the stator diameter remaining unchanged. One 
single punching would be used for the machines of such 
agroup. In this way a minimum number of punchings 
for the entire list of X machines would be obtained. 

It is quite obvious that this kind of solution will 
enforce deviations from optimum dimensions as far as 
electrical aspects are concerned, but it leads to sim- 
plifications of production. In this connection it must 
not, however, be overlooked that the larger the quantity 
to be produced of a list of types, the smaller are the 
deviations from optimum dimensions that can be 
permitted ; or, in other words, the larger must be the 
number of stator diameters and the smaller must be the 
variations in the length of the stator. 

The growing employment of single drives has lead 
to the manufacture of much larger series of motors of 
capacities up to 10 kW than of larger machines. From 


the economic point of view it is therefore preferable to 
design the lists of types of machines up to 10 kW 
capacity for a large number of stator diameters, keeping 
the different widths of the stators correspondingly small, 
and usually co-ordinating two to three different stator 
widths with one single diameter. Where lists of types 
exceeding 10 kW in capacity are concerned, it is pre- 
ferable to co-ordinate three to five stator widths with one 
stator core diameter. 

Consideration must also be given to the fact that a 
list of types may contain machines of different speeds. 
But it is a well known fact that for each engine speed 
perfect utilisation of the material is conditional upon 
adherence to a co-ordinated ratio of external and in- 
ternal diameter of the stator core. This can be proven 
by considering that the magnetic flux 

(1) ® = B+L where B is the average induction in 
the air gap, 7 is the pole pitch, and L is the width of the 
stator core. But it is also 

(2) B; = ®/2Lh,kt where B, is the induction in the 
yoke of the stator core, /; is the height of the yoke and 
hy is a factor which takes account of the insulation of the 
electrical sheet. Combining equations (1) and (2) it can 
be written : 

(3) hy = Br/2Bjkr. 

This shows that by increasing the number of poles and 
consequently reducing the pole pitch, the height of the 
yoke is decreased. But it means also that the ratio 
of outer stator diameter to inner stator diameter is 
decreased with increasing number of poles. 

To each number of poles corresponds a certain ratio 
of outer and inner diameter of the stator core, so that 
there exists a co-ordinated inner diameter for each 
number of poles, if the outer stator diameter is kept 
unchanged. But if for each engine speed the optimum 
inner diameter is chosen, a large number of different 
punchings will be needed, thereby complicating pro- 
duction and increasing production cost. It is for this 
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reason that where large numbers of poles are concerned, 
and where the difference between optimum internal 
diameters are comparatively small, identical inner stator 
core diameters are chosen. 

Assuming for instance an outer core diameter Do, the 
internal diameter may be fixed as follows: 

D, is the smallest inner diameter and is to be used 
for a number of poles 2p = 2 

D, is larger than D, and is to be used for 2p = 4, 

D, is larger than D, and is to be used for 2p = 6, 

D, is larger than D, and is to be used for 2p = 8, 10, 
AZ: 

Assuming further that three different stator core 
widths are to be used with any one identical outer 
diameter D, and with four different internal diameters, 
as listed above, 18 different machines with identical 
non-active component parts are obtained, viz. :— 


3 different capacities with 2p = 2, 
3 


» ” By) 2p = 4, 
S ” ” 2” 2p = 6, 
9 £} ” ” 2p — 8, 10, £2, 


This constitutes the minimum “ cell” of a list of types 
for a given voltage, comprising, as it does, 18 different 
motor types with different capacities and speeds. If 
different modes of cooling and protection are to be 
included in the production programme, and if widely 
different voltages are to be provided for, etc., the number 
of types will be correspondingly larger. 

With regard to factors which limit the production of 
motors in lists of types, it has been found in practice 
that the larger the diameter of the machines the larger 
will be the various numbers of poles for which the 
motors can be built. The maximum number of poles 
for which a machine of a given capacity can be built is 
determined by the minimum pole pitch which is practi- 
cally feasible. To retain satisfactory electric charac- 
teristics, a minimum of two slots per pole and phase is 
required. To give satisfactory results, the width of 
slot and tooth must not be less than 1.1 cm. ; therefore 
the minimum pole pitch feasible amounts to 7 = 13.2 
cm., but a 7 = 7 cm. is still permissible for half-open 
slots. 

In the case of machines of the open type an upper 
limit exists from the aspect of ventilation noise. Ac- 
cording to Trapeznikov, this upper limit occurs at 
45 m./sec. For larger peripheral speeds, totally en- 
closed machines with forced ventilation must be used. 

When determining the various widths. of stator core 
to be used with any one external core diameter, care 
should be taken to make the smallest width to be used 
with one diameter equal to the largest width of the next- 
smaller diameter, and so forth. In analogous manner 
the number of inner and outer diameters can be re- 
duced to a minimum. 

A special method for the computation of three- 
phase induction motors developed by Trapeznikov 
rests on the use of characteristic motor parameters, such 
as pole pitch and circumferential speed. It can be 
easily proven that the losses, the amount of active 
materials required, the magnetizing current, and certain 
other characteristic dimensions of a motor are exclusive 
functions of pole pitch or of peripheral speed. 

Considering, for instance, two machines of different 
diameters but of identical pole pitch, as indicated in 

rs 








te 2p*8 
Fig. 2. Circle diagram of 


Fig. 1. 4- and 8-pole motors 
three phase induction motor. 


with identical pole pitch. 





Fig. 1, the characteristic properties of these two machines 
being assumed as identical: The stator core of the 
larger right-hand machine can easily be visualised as 
being built up of eight times the punchings of the smailer 
machine, so that the only difference in the behaviour of 
the two machines will be the engine speed. This shows 
that the pole pitch is an important machine parameter, 
which is to say that the characteristics of asynchronous 
induction motors are defined by those of an elementary 
machine of corresponding pole pitch. Differences in 
the electrical characteristics of machines of identical 
pole pitch but of different speeds, will be due to se- 
condary factors such as differences in the contour of the 
teeth due to the differences in the stator core diameters 
and differences in the air gaps due to considerations of 
manufacture. 

In polyphase induction motors, leakage is known to 
be a factor of great importance, since it serves to deter- 
mine the power factor cos g and with it the overload 
capacity of the machine. From the elementary circle 
diagram given in Fig. 2, it is seen that the largest possible 
power factor and also the power factor at nominal 


Ip 
(4) 





rating is a function of the ratio o = 
Ti 

where o is the leakage factor, Ju is the magnetizing 

current, and Ix; is the idealised short circuit current. 


Ip Xk 
It can also be written 0 = — = — we (5) 
Ti Xm 


where Xm is the reactance of the main flux and Xx is 
that of the leakage flux. 


re b 
Fig. 3. (a) Lines of magnetic main flux (b) Lines of magnetic 
leakage flux. 

The lines of the main magnetic flux are indicated 
in Fig. 3a; while those of the leakage flux are shown 
in Fig. 3b. The reactance of a single phase of the main 
flux can also be expressed by 

w.7.f.L 
Xn = —— ... Ne ner 8) 
’ 
where w denotes the number of turns per phase, 6’ 
is the idealised air gap and 
number of magnetic circuit ampere-turns 





b = 
number of gap ampere-turns. 
The leakage flux can be expressed by 
(Iz; + zz) A Ws 
Gg = ———— L ae x @@ 
7. ki 
where /z, is the height of the teeth of the stator, /z, is 
that of the teeth of the rotor, AW: denotes the ampere- 
turns of the leakage flux, and k, is the average ratio of 
slot width/slot pitch for both stator and rotor. The 
reactance of the slot leakage flux is 
wf (lz, +122) OL @ 
ee ‘ i bie ) 


Pp 
The coil-end leakage flux and the flux of the harmonics 


Xo = 
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contribute relatively little to the total leakage, so that 
Xo = Xx, and it is approximately 





Tu Xx w .f (lz, + 122) oop 
or - FTE  - = = 
Tis Xm Fike Oe. Ff 
(lz, + Ize) oop 
—_—_————— (9) 
k, 7 


POLE PITCH vs. MAGNETISING CURRENT. 
The magnetising current is given by the expression 
1 .tf. AW 2D 











i ee ~. 0) 
m.w.fw 
and it is also 
0.8.8. Bmr.p.L 
AW= ve ver AGES) 
Oks 
a.D.AS 7.p.AS 
and v= = ee) 7.) 
ye ee m.t 


where AW denotes the ampere-turns of the magnetic 
circuit, 5’ is the idealised air gap, 7 is the pole pitch ex- 
pressed in cm., p is the number of pole pairs, D denotes 
the inner diameter of the stator expressed in cm., L is 
the net length of the laminated core excluding the 
ventilating ducts, L; is the gross width of the laminated 
core including the ventilating ducts, AS is the linear 
loading in amps. per cm., fw is the winding factor, and 

by 
2=— = 0.69. 

¥ 

The mean value for the induction in air during 
idling of the machine can be expressed by 
@ 


Bui = —.. “3 ae «« ~€B) 
Cee S . 
and it therefore becomes 
Te 256 Oo <1 Bm Eb 
<——— «+ (4) 
Yt fu.t AS.L; 
Taking the usual values for fy, 4, AS, and Bmi, the 





Iu 
relationship ri = f (7) for different values of 5’ can be 


charted as shown in Fig. 4; while the relationship 
of In and o versus the pole pitch can be used to chart the 
functionality cos p = f (7, 5) as shown in Figs. 5 and 6. 
This shows that the power factor of the induction motor 
does ‘not depend upon the output but is a function of 
the pole pitch and of the air gap. 

According to Trapeznikov, the mechanical losses 
relative to the peripheral speed are as follows : 


5. Seed | 


1,/1— 





oer 


Fig. 4. Tul = f (7) for different air gaps, 


cOsp—> 


COS P —» 





ter 
Fig. 5. cos@= f(t) for different air gaps for induction 
motors with half-closed slots. 





O6 


fo} fo) 


tee 


Fig. 6. cos~@= f(T) for different air gaps for induction 
motors with open slots. 


v [m./sec.] Wmech [ %] cos p 
15 0.65—0.45 
25 0.9 —0.6 
35 1.1 —0.75 
45 1.3 —0.9 


where the higher values refer to motors with great 
stator length. In the case of 4-pole machines the losses 
range 20-30 per cent higher than listed above. 


Core Losses.—The losses in the teeth based on the 
number of teeth per pole amount to 
Q, Cz 
— = k,V,.B,? (15) =k, — 7?.L.Bm.Bz (16) 
2p a 
where B, is the flux density in the teeth of the stator 
Cz, = Iz,/7, and k, is a coefficient which takes account 
of the quality of the electric sheet and also of the fre- 
quency. The losses in the yoke are given by 
Qi C; 
— =k, —7.L.BmB; «a GB) 
2p 2 
where C; = D;/D (see Fig. 7). 
The total core losses, therefore, are 





Ore C. C; 
— = 7L.Bm k—B,+k —.B}].. (18) 
2p od 2 


For a given quality of electric sheet and for a given 
frequency this expression can be simplified thus 


ae ae oe (19) 
2p 
Cz C; 
where A = hk, — Br + -. Bi -. (20) 
a 


It is preferable to express the total core losses in 
per cent of the power input of the machine by writing 
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Fig. 7. 


Stator punching. 


de D.AO? SR. AS Bm. bu 





_= se, 12) 
2p 
where P is the power input in RV A, u is the peripheral 
speed in m./sec., k= fs. fw, fs is the magnetic field form 
factor or belt differential factor, and fw is the winding 








factor. The percentage core loss thus becomes 
[%] Ai LL. Bais .00". 100 
re = (22) 
5.10°k. Bm AS.L.=* f? cosy. 16° 
1%] Cre 
or Qre =——— (23) 
AS cos p 


where the constant Cre characterises the conditions of 
the magnetic circuit, the quality of the electric sheet 
and also the accuracy of its assembly. Computed 
values of Cpe can be easily verified by actual measure- 
ment of Qje. The discrepancy between computed 
and measured values of Cre will be of the order + 15 
per cent. Average values for Cre obtained by test are 
given in the subjoined table, which is based on a value 
of f = 50 Hz, an electric sheet loss of 3.3 W per kg. and 
an induction B = 10,000 Gauss. 
Average Values for CFe. 
Type of Slots | 





















































Stator | Rotor CFe 
Open Half closed 800—950 
Half closed . We 650—700 
neal Closed with 500—575 
Al cage 
Copper Losses.—The copper losses in the stator are 
given by: 
[%] s.p. 10° Bs 
1 = ———-( a+ — (24) 
u Bmi cos p y 
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Fig. 8. Segregated losses of three-phase induction motors 
of the slip ririg type. 
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Curves for the determination of factor F in equation 
(27) [Determination of total core weight]. 
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Fig. 9. 


where s is the current density in the conductors in amp. 

per sq. mm., p is the specific resistance of the conductors 
L, 

in ohm per sq. mm., A = — is the ratio of core length 
IG 


with ventilation ducts/core length without ventilation ducts, 
ls 
Bs= — is the ratio of length of end windings/pole pitch, 
i 
) & 
and y = — is the ratio of core length without ventilating 
sd 
ducts/pole pitch. The copper losses of a squirrel cage 
rotor are found from 
1%] Sap. 10° 2 1;’ 
Q, = (. i +2Iny) (25) 
u. Bmi COS © ert. L 


where /;’ is the length of the projecting part of the 
conductors. 


PERIPHERAL SPEED vs. EFFICIENCY. 


The influence of the peripheral speed upon the 
various losses of a slip ring motor is exemplified in Fig. 
8, where the losses are shown in per cent of the motor 
output multiplied by cos y in order to eliminate the 
influence of the power factor. Curve 1 in Fig. 8 re- 
presents the ratio of copper losses/core losses, curve 2 
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represents the copper losses in the stator, and curve 3 
those in the rotor. The total core losses are given by 
curve 4, the mechanical losses by curve 5, and the sundry 
losses by curve 6. These curves apply to three-phase 
motors of the slip ring type characterised by f = 50, 
2p = 6, s, = 4.75 amp. per sq. mm., and s, = 4.5 amp. 
per sq. mm. From this chart the conclusion can be 
drawn that in the overloading of machines of high 
peripheral speed, the efficiency of the machine either 
remains unchanged or it increases. But in the case of 
machines with /Jow peripheral speed, overloading will 
lead to a rapid deterioration in efficiency. The amount 
of stator copper required in relation to the power input 








is given by 
Geu 8.9.10 Bs 
= ( A+ -) [kg./RW] (26) 
y's u.Bmi.s. cos / 


. . . ¥ . 
while the combined electric sheet requirements of stator 
and rotor (incl. the wastage incurred in the punching 
of the slots) can be taken to approximate to 
Fe F 


(27) 





- AS cos 
values for F being given in Fig.9. The core and copper 
losses computed for a list of types of machines are 
charted in Fig. 10. 


DIAGRAMS FOR QUICK DETERMINATION OF ANGLES REQUIRED 
FOR LAYING OUT SHEET METAL WORK. 


By C. J. WaLBaum, VDI. 


In laying out sheet metal work such as containers or 
bunkers in the shape of truncated pyramids, the various 
angles of inclination or intersection of the component 
sheets must be determined. While hitherto it has been 
usual practice to determine these angles by computation, 
or on the drawing board, the simple method given below 
permits their determination by means of charts. 
Referring to Fig. 1, the angle y can be expressed by 
the equation cot y = +/cot? « + cot? 8. On the basis 
of this relationship y can be determined from the chart 
Fig. 2 in the 
following 
manner: By 
way of example and 
assuming « —50deg. 
and B = 30 deg. A 
is found as_ the 
point of intersec- 
x=. tion of the y-axis 
Ny eS ~ with the slanting 
* 5 line representing 
t 9 “> 50 deg. Proceeding 
7} \, y* from A horizontally, 


Pa / point B is found 
Fa 




















om 


a, 7 as the point of 
v4 intersection of hori- 
Fig. 1. zontal and 30 deg. 
line. Point C is 
then found by projecting roint B upon the abscissa X. 
By describing a circle with O as center, and the distance 
O-C as radius, point D is obtained, from whence a verti- 
cal is drawn to point F representing the intersection of 
the vertical with the horizontal line drawn through A. 
By interpolation, point E is then found to correspond to 
an angle of y = 27 deg. 30 min., as indicated on the 
angular scale forming the top of the chart (Point F). 
_ The angle y shown in Fig. 1 can be obtained in 
similar manner by utilising the relation 
cos p = —cot x. cot B/ / (cot? w + 1) (cot? B + 1) 
If, for instance, « = 58 deg. and B = 45 deg., point A 
on the inner peripheral scale of chart (Fig. 3) will 
correspond to « = 58 deg. Point B is then found as 
the projection of A upon the abscissa. By describing a 
circle with point O as centre and radius O-B, point C is 











(From Zeitschrift des VDI, Vol. 87, No. 33/34, August 21st, 1943, p. 540). 





Fig. 2. Diagram for determining y. 
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found at the point of intersection of the described circle 
and of the radial line representing 8 = 45 deg. A 
vertical line from point C will then intersect the peri- 
phery of the graph at point D. According to the outer 
peripheral scale, this point corresponds to a value of 


. p = 112 deg. 


WELDING MACHINES WITH CONDENSER DISCHARGE. 
By D. GENKIN. (From Bulletin de la Sociétié Frangaise des Electriciens, Vol. 4, No. 38, June, 1944, pp. 151-160). 


THE typical features of the spot welding process are the 
generation of heat by clectric current at the point of 
contact resistance and the diffusion of metallic particles 
across the contact surface, the latter being subjected to a 
large force of compression. By increasing this pressure 


and raising the temperature, extremely short welding 
times can be obtained ; as a matter of fact, the welding 


times achieved in modern practice are of the order of a 
few hundredths of a second. The quality of a welding 
process carried out in this manner will rest upon a 
number of factors such as maximum amplitude of the 
welding current, its duration, the characteristic of the 
current, the contact pressure, and the condition of the 
contact surface. 
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On the electrical side, the rapidity with which a spot 
weld is made and the relatively large interval of time 
prevailing between the making of the individual welds 
prevent the establishment of permanent periodicity. 
The making of a weld must therefore be considered as an 
event consisting of a single discharge during which both 
the resistance at the welding point and the induction in 
the core of the transformer of the welding machine are 
subjected to continual variations. 

A welding machine operating on the principle of 
condenser discharge consists essentially of a transformer, 
the primary winding of which is passed by the discharge 
current of the condenser, the external secondary circuit 
being closed by a small impedance consisting of the 
ohmic resistance of the weld and the inductance of the 
eads carrying the welding current. The capacity of 
he condenser batteries employed for this purpose may 
amount to some tenths of a farad. In this type of weld- 
ing process the transformer serves the purpose of 
establishing optimum conditions for the operation of 
the condenser battery. Obviously, without the em- 
ployment of a transformer, a much larger condenser 
battery would be required to produce the same dis- 
charge. 

Assuming that the coefficient of mutual induction 
and the ohmic resistance of the circuit remain constant 
during operation, it can be written : 


di, diz 
V, =i, 41 +L1,— + M—, 
dt dt 
di, di 
(hhthke + te, * .” 
dt dt : 
dv, 
1, =—C—, 
dt 





where R, and R, are the ohmic resistances of primary 
and secondary circuit respectively, and L, and L, are 
the coefficients of total self-inductance including the 
exterior inductances. An approximate solution of these 
differential equations for 7,, 7, and V, is 


V, R.? M? C? L, Vo 
= — rt + 
de® (L, L.—M?)w 
V, R, MC MV, 
1, = ——— ott OE 
L,* (L, L.—M?)w 
V, R,? M?C R2VM2C 
VY, = — rt t+ v,(1 }- emen 
L$ \ L.* 
R, L,? 
where g = — ———_ 
L,° — R,? M?C 





LS —R2 MC Ly ; 
w = -§ J ——— _ (3) 
L,? C (Ly Ly — M?) C (L, L, —M?) 


L*(R,L,’ + R,M*)—R,?M?C(R,L, + R3L,) 


= 4) 
(L, L, — M?) (L,°—R,? M?C 


R, L,? + R, M? 
Oy 


L, (L, L,; — M?) 
R,° M? C? o(L, L, — M?) 


R, Cw (L, Ly — M?) 
tan y © sin 6 (5) 
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e5t sin (wt + ¥) \ 
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These expressions show that in order to obtain the 
maximum effect it is necessary to make (L, L, — M?’) 
small and to make C large. It should, however, be 
noted that these approximate expressions rest suffi- 
ciently accurate only in cases where the primary re- 
sistance and R,? M? C are small. 

These approximate expressions were verified by 
solving a numerical problem, both by the approximate 
and the exact method. In order to determine the 
accuracy of the approximate method, the calculation 
was carried out with all factors being kept constant and 
only the coefficient M of the transformer being varied 
over a range from 10-1 to 10°. 

A typical application of this method to a welding 
machine is as follows : 

Number of primary windings .. 90 

Number of secondary windings 1 

Resistance of the primary circuit 0.03 Ohm 
Capacity of the condenser battery 43.75 micro farads 


+ 


(2) 





gcuoe 
) e+e enot sin (wt + d) 
a 2 


Resistance of the 
circuit .. as ‘ 
Coefficient of self-inductance of 
the secondary circuit .. .. 4.107 to 10° 
With o = 8, w = 38, and 5 = 38.5, the following 
expressions obtain : 
ty 


— = — 0.046 -8t +- 3.95e-38.5t sin (38t + 40’) 


secondary 
: ..- 10° Ohm 


I 


25.8 e-8t — 33.2 e-38.5t sin (38t + 4° 30’) 


In Fig. 1 these values are compared with the corre- 
sponding actual data obtained with the use of an oscillo- 
graph. The agreement between theoretical and actual 
values is seen to be of the order of 25 per cent. This 
must be considered satisfactory, considering that the 
computation was based on the assumption of a con- 
stant permeability of the core and of constant core 
losses, while the condenser losses were also neglected, 
the accuracy in charting the curves being some 15 per 
cent at the most, 
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Manufacturers. 


Available literature may be secured by addressing a 
request to the advertising department of “ The Engineers’ 
Digest,” or by writing direct to the manufacturer and 
mentioning “‘ The Engineers’ Digest” as a source. 


TECHNICAL NEWS 


Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 


+ NEW EQUIPMENT 

+ BOOKS AND CATALOGUES 
+ BUSINESS CHANGES 

+ PERSONAL 

+ NOTES 














NEW EQUIPMENT 


V.D. TYPE SWITCHGEAR 

A new brochure No. S. 34 illustrates and describes the type 
V.D. switchgear made by Cooke & Ferguson Ltd., Openshaw, 
Manchester. This switchgear consists of a short-circuit tested, 
low-oil content, arc-controlled single break circuit breaker, arranged 
for vertical isolation in a compact assembly having a small space 
factor. The rating is up to 350 M.V.A. at 11kV and for normal 
currents of 400 or 8 

Each switch unit is complete on its own transportation truck 
which incorporates the circuit breaker raising and lowering gear. 
Lockable shutters are fitted to the housing for shielding all stationary 
isolating contacts when the breaker is isolated. 

The circuit breaker main ‘and arcing contacts (Patent applied 
for) are of the multi-segment, tulip type with self-aligning high 
initial pressure line contacts. Positive arc-extinction is effected by 
compensated cross jet pots. The sliding contacts are spring-loaded 
and multi-point, and the entire contact assembly is arranged almost 
horizontally under the breaker top plate. Venting is through a 
pebble fitted baffle chamber. For earthing, a simple plug-in device 
can be supplied to effect cable earthing by using the breaker as a 
non-automatic earthing switch. 

To suit requirements, the breaker may be fitted with inter- 
changeable manual, solenoid, spring, or pneumatic operating 
mechanisms, and a comprehensive range of interlocks is provided 
to ensure correct sequence and safety in operation, inspection, and 
maintenance, 

Type D. switchgear is available up to a rating of 1000 M.V.A. 
at 11kV, and Type E has been developed for indoor and outdoor 
use up to a rating of 1500 M.V.A. at 33 kV in low oil content or in 
airblast forms. 

Copies of the brochure are available on application. 


NEW TYPE OF MICROMAX ELECTRIC CONTROL. 


ANEW type of M.E.C. has just been announced by Leeds & Northrup 
Company. Called ‘‘ Micromax Electric Control, Duration- 
Adjusting Type,” this system not only regulates electric input to 
hold temperature at a selected control point or to a program, but is 
said to hold it there so dependably that users obtain the most 
efficient balance among product uniformity, speed of output, 
flexibility of operation. 

By means of an “ on-off ” contacting system, it feeds to the heat- 
ing unit the electric current needed to keep temperature to the 
required control point or program. Input is either “‘ full-on ”’ or 
“ full-off.”” Regulation is obtained by controlling automatically the 
time during which current is “‘ on” and “‘ off.” 

Employing the basically-sound balance method both for measure- 
ment and control, this new system provides full proportional time 
action, as compared with the more familiar full proportional posi- 
tioning action. It provides automatic droop-correction. It can be 
equipped with Overshoot Control, valuable when the furnace or 
other unit is coming up to temperature. 

To obtain more complete information about this Duration- 
Adjusting Type of M.E.C., for the temperature regulation of 
electrically-heated units, write Leeds & Northrup Company, 4934, 
Stenton Avenue, Philadelphia 44, Pa, 


CATALOGUES RECEIVED 


Guarding of Drilling Machine Chucks and Spindles. A 
leaflet issued by Weathershields, Ltd., Birmingham, gives an illus- 
tration and description of a safety device manufactured by this firm, 
called the “‘ Chuk-Gard,” for protecting operators of drilling ma- 
chines against accidental contact with rotating chucks and spindles. 
Features are compactness of design and easy and simple manipula- 
tion so that working speed and efficiency are not interfered with. 
When closed the appliance completely embraces the chuck and 
spindle and can be opened in an instant to give convenient access 
for drill changing or adjustments. 


POST-WAR EXPORT. 


Czechoslovakian, 34, well educated, at present in Sales organiza- 
tion of large British industrial concern. Perfect English, French, 
Czech and German, wishes contact with British firm for whem he 
could atilize his excellent continental connections in building up 
export of British engineering products. BOX 7007, c/o “ En- 
gineers’ Digest.” 





MIDDLE EAST. 


Importers of Machinery, Motors, Tools and Technical Appli- 
ances, good connections with the engineering industries in 
Palestine, Syria, Cyprus, Iraq and Iran, wishes Representation of 
British firms. Technolloyd, 20, Jaffa Road, Tel-Aviv, Palestine. 


HEAT 
TREATMENT 
SPECIALISTS 


ON APPROVED LIST @ Case Hardening and straighten- 
OF ing up to 8 ft. long. 
Hardening all Classes of Sub. and 
AIR MINISTRY High Speed Steel Tools, Bake- 
AND ADMIRALTY lite Moulds and Press Tools. 
Hardening by the Shorter 
Process. 
Cyanide Hardening, Capacity 3 
tons per week 
Springs: Any size, shape or 
quantity. 
Aluminium Alloys Heat Treated 
to A.I.D. Specifications. 
Heat Treatment of Ailoy Steels 
up to 10 ft long 

Heat Treatment of Meehanite 
Castings, etc. 

Crack detecting on production 
lines. 

Chemical Rustproofing (different 
colours) to A.I.D. and other 
Specifications. 














THE 
EXPERT TOOL & CASE HARDENING CO. LTD. 


(Ese. 1918) 
GARTH ROAD, LOWER MORDEN, SURREY. 
Telephone: Derwent 3861-2 





Bristol fe 


Consult the BRISTOL ENGINEERING MANUFACTURERS 


BRISTOL 
FAMOUS FCR :— 
Mechanical, Electrical, Constructional, 


Aeronautical and Marine Engineering 


ASSOCIATION, 104, FILTON AVENUE, BRISTOL, 7 





380 THE ENGINEER'S”: DIGEST 


CATALOGUES RECEIVED 

George Cohen Sons & Co. Ltd., of Wood Lane, London, 
W.12, and Stanningley, nr. Leeds, have just ouuuned the whole of 
the Plant and Machinery of Suncole Works, Cinderhill, Notting- 
ham. This plant was put down new in 1938 and only’ worked a 
few months. Designed for the production of solid fuel, smokeless 
briquettes and bye-products from coal, it comprises Rotary Retorts, 
Distillation Plant, Gas Producers, very large Conveyors, Aerial 
Ropeway, two 500 kW. Turbo Sets, two 25,000 Ibs. Babcock 
Seeleos, idings, and a considerable quantity of Plant of a general 
nature. Everything is for disposal and a catalogue is available on 
application. 


Eliminates Fractures due to vibration.—A leaflet just pub- 
lished by Clayflex Ltd., Tiddington Road, Stratford-on-Avsn, gives 
an illustrated description of the Clayflex (Patented) Flexible Pipe 
Union used for eliminating fractures due to vibration. This union 
is claimed to withstand pressure up tc 1500 p.s.i. and above this 
figure. A synthetic rubber gasket is used in the joint to provide a 
leak-proof, positive location of the pipe. Gaskets are available 
from zarious compounds to withstand all types of liquids, oils, 
acids, including hot paraffin and steam. 


BETTER BRONZE FOR INDUSTRY. 

BRONZE with greatly increased strength and toughness can be made 
from common grades of tin_and copper without the purchase of 
new or special equipment. The process is the result of several years 
of research and is now disclosed in the two latest publications of 
the Tin Research Institute, Nos. 120 and 121, which are reprints 
fr vary the — of the Institute of Metals (Vol. 70, 1944, 127-147 
and 275-289 

Publication No. 120, by Dr. W. T. Pell-Walpole, describes the 
development of a flux de-gassing process which enables tin bronzes 
and phosphor bronze to be produced successfully from ordinary 
commercial grades of metal, or from scrap, where previously high 
grade metal was essential. This is achieved by using a simple flux 
containing borax, sand and copper oxide. Bronzes containing 10 
per cent tin, suitably cast, can be extruded and subsequently cold 
rolled and cold drawn. For example, a 10 per cent tin phosphor- 
bronze gave 24 to 28 tons per sq. in. tensile and 10 to 20% elonga- 
tion on 2 in. The specification of the comparable commercial 
alloy (2B8) calls for only 16 tons tensile and 14 to 4% elongation. 
75-Ton Tin-Bronze. 

Bronzes with 10 to 14 per cent tin, when made by the new 
method, can be hot or cold rolled, and the wrought products have 
exceptional mechanical properties. A 10% tin bronze, extruded 
and cold rolled, gave 75 tons tensile with 18 per cent extension. 

The method of casting giving the maximum tensile and rolling 
aaa is go in Publication No. 121, by Dr. W. T, Pell- 

ole and Dr. V. Kondic. The authors show that variation in 
casting procedure yan a considerable effect on the quality of de- 
gassed chill-cast 10% tin bronze. By adopting the procedure 
recommended, a bronze which can be extruded, hot-rolled, forged 
or hot-stamped is readily obtained. Such bronze will meet many 
long-felt needs in the engineering world, and bronze bars or strip 
which can be worked up to 75 tons tensile and yet retain their tough- 
ness provide what is virtually a new product with a wide potential 
field of usefulness. 


PERSONAL. 

Mr. H. N. Bates, M.I.A.E., M.I.Mech.E., chairman and 
managing director of Specialloid Ltd., has — appointed to 
similar positions with the Aero Piston Ring Co. 

Mr. Norman Clark has been elected sacs of Darwins 
Ltd., Andrews Toledo Ltd., and the Wardsend Steel Co. Ltd. 

Mr. H. H. Harley, C.B.E., M.I.P.E., has been re-elected 
President ; Mr. F. W. Halliwell, M.I.Mech.E., M.I.P.E., chair- 
man; Mr. H. S. Holdon, vice-chairman ; Captain C. R. Cook, 
honorary treasurer of The Gauge and Tool Makers’ Association. 

Mr. E. T. Judge, chief technical engineer of Dorman, Long & 
Co. Ltd., has been appointed a special director of the Company. 

Mr. R. G. Mills has joined the board of the New Insulation 
Co. ae 

. A. O a Research ee of William Jessop & 
ae... Tide “and J. J. Saville & Co. Ltd., has been appointed also 
Director of Research to the Birmingham Small Arms group of 
companies. 

Mr. P. Pritchard, M.I.A.E., F.R.Ae.S., has been re-elected 
President ; and Dr. Harold Hartley, chairman of the Council of 
the British Cast Iron Research Association. 

Mr. W. P. Ross has been appointed manager of the Dumbarton 
Works of Babcock & Wilcox Ltd. 

Dr. J. F, Shannon, M.I.Mech.E., has joined the gas turbine 
e> legaaaiied department of the Metropolitan-Vickers Electrical Co. 


Sir Llewellyn T. G. Soulsby, managing director of Mount- 
stuart Dry Docks Ltd., has been elected director of Stothert and 
Pitt Ltd. eee ees 

OBITUARY. 

Mr. Colin Shaw, chief engineer of Firth-Vickers Stainless 

Steels Ltd., Sheffield, died recently at the age of 49, 





[ —VARLEY 


V.0. (VANE OIL) PUMPS 


Specifically designed for dealing with oils of high 
viscosity. Their reliability, robg#stness and versa- 
tility make Varley V.O. Pumps particularly useful 
for supplying oil to machine tvols at low or high 
pressure, for transfer work and hydraulic appli- 
cations. 

VARLEY ALSO MAKE DOUBLE HELICAL GEAR PUMPS 
HEAVY DUTY GEAR PUMPS e PETROL DISPENSING 
PUMPS e CENTRIFUGAL SUDS PUMPS 


VARLEY PUMPS & ENGINEERING LTD. 
Weston-Super-Mare, Somerset. 
Telephone : 776-7. Telegrams : Paracyclic, W.-S.-M, 
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8A12 b.f.p. from the 


CUB 


flat-twin diesel 


The horizontal design of the " CUB" diesel gives 
inherent balance. It is a high-speed low-weight 
engine of 1006 c.c. capacity with a continuous 
heavy duty rating of 12 b.h.p. at 1,800 r.p.m. 
The CUB" will start from cold, it will give 
good service for many years with practically no 


attention and uses very little fuel. 


OIL ENGINES (COVENTRY) LTD. 
Atlantic Works, Harefield Road, Coventry 






















| FACTORY HEATING 
| STOVES 


SEND’ YOUR ENQUIRIES 
TO US. WE MAKE THE 
BEST HEATING STOVE 


WE ALSO MANUFACTURE 
SPECIALISED MACHINERY 
FOR THE. ALUMINIUM 
AND STEEL INDUSTRIES 


ESTUFAS PARA LA CALE- 
FACCION DE FACTORIAS 






















También hacemos maquinaria 
especializada para las Indus- 
trias del acero y del aluminio 





THE . 
}BRONX ENGINEERING 
\\@ Co., LTD. 


LYE, near STOURBRIDGE 
wokrcs. ENGLAND 
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MAKERS OF THE LARGEST 
TO THE SMALLEST 
WE HOLD A LARGE STOCK 












LIGHTHOUSE TENDER 
MOTOR SHIP, 
&c., &e. 


LARGE 
STOCKS 

OF MIRRORS 
LENSES, 
CARBONS. 


REPAIRS OF ALL KINDS 


Our SUPER SUEZ SEARCHLIGHTS 
NO require NO TRIMMING during the 
voyage ,thus saving time and expense 












t JoNDON Ezecsric Firm, GoyDoNn. 
















BUILT BY ENGINEERS 
FOR ENGINEERS. 


THE ‘JONIL* PATENT COKE-FIRED 
’ BALANCED, FORCED DRAUGHT 
CRUCIBLE FURNACE is the most 
advanced design marketed. 
Definite savings made in 
FUEL, TIME, AND MONEY. 





Demonstrations without obligation. 





Write now for full details. 
JOHN HILL & SONS (Wolverhampton) LTD. 
ENGINEERS, IRONFOUNDERS, METALWORKERS 


ALBION STREET, HORSELEY FIELDS, 
WOLVERHAMPTON. 

















Of Clayflex Flexible Bearing to gear drives where 
maintenance of exact pitch line contact is not essential. 
The Bearing is positioned between the shaft and a metal 
outer sleeve which is forced in the bore of the gear, 
providing a mechanical bond between the two com- 
ponents strong enough to transmit the driving torque. 
Shock absorption, cushioned load and silent operation 
are thereby definitely assured. 


LEXIBLE BEARINGS 


CLAYFLEX LD. ron one Since" Saor sar 








THE ENGINEERS’ DIGEST 


‘ie 
¥e be eS ei oe 


problems hd) ine” Metal work? a 


, - ave At % -H ss 
expressly dagigned for 
+n needs, and simplifies 
ies intricate operations 
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ILLUSTRATED LIST 





: AND SECOND-HAN ; 
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SOLE PATENT LICENSEES: 





3, GROSVENOR GARDENS, LONDON, S.W.! 
"Grams: Impervia Sowest, London. ‘Phone: Victoria 6501 ° wf 


Rossa | Sroox wai, Printer, 5-7 Baden Place, London, 8. E. ‘ey England. 
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For Optimum Hardness and 
Strength 


Nitrided 


NITRALLOY 
STEEL 


Particulars from: 


NITRALLOY LIMITED 
25, TAPTONVILLE ROAD, SHEFFIELD 10 


Telephone: Telegrams : 
60689 Sheffield Nitralloy Sheffield 





WATER 
PURIFICATION 


FOR HALF A CENTURY 


John Thompson -Kennicott 


LIMITED 
WOLVERHAMPTON 


HAVE SPECIALISED 
IN FILTRATION AND SOFTENING 
OF WATER FOR 


TOWN SUPPLIES 
RAILWAYS 
TEXTILE WORKS 
AND 
ALL INDUSTRIAL REQUIREMENTS 
BOILER WATER CONDITIONING, CONTINUOUS 
“BLOW-DOWN” APPARATUS, ETC. 








Send us your enquiries and take advantage of our 


UNRIVALLED EXPERIENCE 


Please give reference E/D with your enquiry. 





aw WITH THE SHoye, ae 
D 
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TO Go 


He went to other and more dangerous duties, and the 
resulting shortage of labour imposed the introduction of 
modern precision furnaces capable of high output at low 
fuel expenditure and with the minimum of attendance. 


Other conditions operated too ; modern alloys need great 
exactness in treatment, special furnace atmospheres and 
a host of other factors for which the old haphazard condi- 
tions never allowed. So we came to the modern, controlled 
Priest Furnace, utilizing all forms of fuel, but alike in being 
the most advanced furnace practice. 


PRIEST FURNACES LTD. 


LONGLANDS 


MIDDLESBROUGH 


Also at TELEGRAPH BUILDINGS - HIGH STREET - SHEFFIELD 
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ACO is ideal for hydraulic sealing being grainless, resilient, 


non-porous and highly resistant to oils, fuels’ and chemical 
Our staff of qualified technical corrosives. It is widely used in the hydraulic and pneumatic 
specialists is at your service. 
Consult us and we will solve control systems of aircraft where only materials of the 
your sealing problems. 
highest grade can be employed. Its unequalled surface finish 


and dimensional accuracy is well known to all designers. 


HYDRAULIC PACKINGS 
SEALS - GASKETS 


TRADE MARK 


GEORGE ANGUS &COLLTD. OIL SEAL WORKS, 


: : NEWCASTLE UPON TYNE 
Fluid Sealing Engineers TELEPHONE 56/6]. 
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BONE-TO-MUSCLE WELD 





Nature perfected the welding of muscle to bone: Metalastik 
perfected the rubber-to-metal weld. 


When, on the ’bus, you arch your foot to prevent vibration 
jarring through your heels, Nature’s construction softens the 
vibration: when a manufacturer is troubled by a vibrating 
piece of machinery he mounts it on Metalastik rubber 


mountings, or damps the oscillations of his crankshaft with 
a Metalastik torsional vibration damper. 


In its campaign against vibration, Metalastik engineering 
safeguards feather-weight instruments, softens the harsh- 
ness of high-powered engines, cushions the shudders in 
heavy torques, isolates the tremors of unbalanced 
machines and, in short, takes the ‘Brr’ out of 
vibration. 


That engineering experience is at your disposal. 


ETALASTIK 


Metalastik Ltds, Leicester. 
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&6.C. 
WELDING EQUIPMENT 


FOR HEAVY CONSTRUCT Ul NAL WORK 








IN THE WORKS 
ILLUSTRATED THE 
G.E.C. HAS INSTALLED 
MULTI-OPERATOR 
WELDING EQUIPMENT 
COMPRISING 23 
TRANSFORMERS 
SUPPLYING OVER 
100 OPERATORS 





G.E.C. multi- operator welding 


go kVA transformer with 


30 kVA condenser and equipments are manufactured in Standard 300 amp. 

isolating switch fuse. four sizes, for 3, 6, g and 12 reactor providing 
operators per set at 300 amps. per Current adjustment 
operator. in 36 steps. 


The equipments include all necessary 
accessories for a complete installation. 


DESIGNED AND MANUFACTURED IN FULL CONFORMITY 
WITH BRITISH STANDARD No. 1071-1943 





Advt. of The General Electric Co. Ltd. Head Office: Magnet House, Kingsway, Lordon, W.C.2 
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for all Types of 


Magnesite Lined Hot Metal 


Mixer approximately 46 feet , \ 
long by 21 feet diameter. 


General Refractories Ltd 


Head Office: Genefax House, Sheffield, 10. 


FIREBRICKS BASIC BRICKS 


Telephone: 31113 (6 lines) 
ACIC-RESISTING MATERIALS PLASTICS © INSULATION © SILICA BRICKS * SILLIMANITE ° 


SANDS « CEMENTS 
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‘English Electric’ Closed Air Circuit 
Motors possess the advantages of 
total enclosure at much less cost than 
straight totally-enclosed machines 


NOTE THESE FEATURES 


* Single Cooler permits terminal box 
to be fitted at either side of machine 





* Single Cooler on top of frame allows 
minimum centre height 

: Driving 

* Straight cylindrical Cooler tubes Sas 

facilitate cleaning 


* Easy access to commutator and 
brush gear 


* Note the accessibility of the bolt 
holes in motor feet 


@ 


For further particulars of these and other types 
of totally-enclosed fan-cooled Motors, apply 
to Publicity Department. 





THE 


a fo] Rhy et eng ile 
COMPANY LIMITED ncake 
STAFFORD ereees eo 
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ONE OF THE 


¢ oO CHARLES CROFTON & Co. cenaineers) Ltd. 
=. welt Church Bank Offices, WALLSEND-ON-TYNE 


Telephone : 
Walisend 63271-2-3 


PRODUCTIONS 
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THE UNSOLVED MYSTERY 


Water divining a mystery and a magic, 
but a magic with proved powers. Artesian 
wells have been sunk, parched lands irrigated, 
cities constructed, because the life-giving 
properties of water have been discovered by 
water divining. 

. . But there are times when water is 
harmful, particularly to the users of compressed 
air. The VICTOR ARIDIFIER removes all water 
from compressed air pipes, thereby preventing 
freezing, corrosion and dilution. 


MANUFACTURED BY 








The services of our 
technical staff are at your 
disposal in arranging a 
. guitable Aridifier layout, 
‘ i Res e é 
An equipment can be 
suppiled on free trial, 






Telegraphic Address : 
* Victor, Wallsend." 
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-‘Telematic 
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2000 WAR FACTORIES 
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Telematic has set a new standard 
for production planning and con- 
trol. With its aid, words become 
tools with which to speed pro- 
duction, and seconds serve where 
formerly minutes multiplied. 


In the days of peace and recon- 
struction to come, Telematic will 
prove as indispensable as it is 
now doing in days of war. 





Installation Companies throughout 
the Country. 


TelephoneRental 


LTD. 








KENT HOUSE . KNIGHTSBRIDGE . LONDON, S.W.7 


TELECOMMUNICATION .. MUSIC FOR WORKERS. TIME RECORDING 
GD2 
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BEETLE RESINS for instance. They bind 
together lots of things — sawdust, fabric, wood, pigments and so on. 
Sometimes they make moulded articles like electric switches, sometimes 
they make cardboard weatherproof and tough. They may stick a Mosquito 
aircraft together or appear as the bond in laminated sheets. And the 
bond is permanent — once the operation is performed 
heat or damp has no effect. There’s a great future 


for Beetle bonding—are you interested in the future ? 


BRITISH INDUSTRIAL PLASTICS LIMITED - ONE ARGYLL ST - LONDON, 
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Although thousands of important 
engineering firms are already 
reaping the benefits of using 
Macrome-treated tools, there are 
still many organisations which 
seem to prefer to leave this 
advantage with their competitors. 
Send NOW for a copy of “The 
Macrome Steel Treatment’’ and 
also the Macrome Catalogue of 
Small Tools, and learn how the 
most exacting tests have proved 
beyond doubt that MACROME 
CAN and WILL double your pre- 
sent output, 


MACROME LIMITED, ALCESTER, WARWICKSHIRE 


WORKS AT ALCESTER, WARCS., & ENDERBY, LEICESTER 


BRANCHES AT LONDON > GLASGOW ° MANCHESTER > BIRMINGHAM 
LEEDS ° COVENTRY ° BRISTOL > BASINGSTOKE . NEWCASTLE-ON-TYNE 
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HEENAN & FROUDE LIMITED 
ENGINEERS WORCESTER ENGLAND 
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IMPERIAL 
HOUSE 


REGENT ST. 
LONDON -;-W.I. 
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Inside Knowledge about Castings. 


To the engineer “inside knowledge” is 
as important as to the stock-broker: but, fortu- 
nately for the engineer this inside information 
is easier to obtain and, above all, more reliable. 
“IndustreX * and “CrystalleX” X-ray films 
are always at his disposal to provide him at 
the 


short notice with ‘inside’ information 


about the soundness or otherwise of his castings. 
From such information faulty castings may 
be discarded before expensive machining, 
and any necessary modification to design or 
foundry technique may be deduced. Often 
radiography is the only means of obtaining this 
information. 





Photograph of light-alloy casting. 


‘InaustreX’ Type D film—for the routine 


Radiograph of the same casting, showing porosity. 


inspection of light-alloy 


castings or, with iead screens, for the critical examination of heavy-metal 


castings. 


‘IndustreX’ Type S film—with fluorescent screens, for heavy-metal 
castings or welds: without screens, for light-alloy castings with wide 
thickness ranges, if single exposures only are warranted. 


‘ CrystalleX ’ film—for the critical examination of light-alloy castings or, 
with lead screens, for the critical examination of heavy-metal castings. 


‘INDUSTREX’ TYPE D 


‘INDUSTREX’ TYPE §S 


‘CRYSTALLEX’ X-RAY FILMS. 





TRAINING IN INDUSTRIAL RADIOLOGY 
The Kodak School of Industrial and Engineering Radiology is the only specialised 
centre of instruction in this country giving training in the technique and applications 
of industrial radiology. Full particulars of the courses offered can be obtained from:— 











KODAK LIMITED, KODAK HOUSE, 


KODAK LTD. 


KINGSWAY, LONDON, W.C.2 





(X-Ray Sales), KINGSWAY, LONDON, W.C.2 
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SWITCHGEAR 


OIL-BREAK -: AIR-BREAK - AIR-BLAST 






AIR-BREAK 
TRUCK 


(OIL-LESS) 


Class ‘Ad 21’ 





at 
600/660 
VOLTS 


FULLY-TESTED FOR 
SHORT-CIRCUIT DUTY 


a 
Hand, Solenoid, or Spring 
operated Breaker. 
e 
Arc duration approximately 
one half-cycle at 100% rating. 
td 


Silvered contacts — Long Life. 


THE BRITISH THOMSON-HOUSTON CO.,LTD. 


CROWN HOUSE, ALDWYCH, LONDON, W.C.2. 


A) A3477 
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FOR HEAVY CUTTING | 


AT HIGH SPEEDS... 


LIMITED 
VICTORIA WORKS, GORTON, MANCHESTER 
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BLUE PRINT 


‘Tungum’ alloy is available as 
Rod and Bar; Sheet and Strip; 
Wire, Wire Rope, Gauze 
and Springs; Solid Drawn 
Tubings ; Castings, Forgings, 
Stampings, Pressings, etc. 
Data Sheets have been pre- 
pared dealing with these 
various fabricated forms of 
‘“Tungum.’ They are free on 
request. Our technical staff 
will be pleased to answer any 
queries and carry out tests. 





for Post-War Planning 


The Whole Nation is busy ; doing a job that cannot wait. Though we know 
that Victory will give ample scope for far-reaching developments in every 
sphere of human activity, at the moment we have little time for post-war 
planning. We can, however, learn from our present problems. We can 
make ‘ marginal’ notes for to-morrow’s application, where to-day’s use of 
metal suggests post-war possibilities. Many urgent problems are being solved 
by the use of ‘ Tungum,’ because of the special characteristics found together 
in this alloy found only singly in other metals. 


Wherever the strength-to-weight factor has to be considered ; where ductility 
and resistance to torsional fatigue are important ; where a high resistance to 
corrosion is essential ; where ease of working, pleasing appearance, resiliency, 
thermal conductivity, and a low co-efficient of friction are desirable ; ‘ Tungum ’” 
is worth the closest investigation. It may be the key to your problem now 
and in the post-war period. 


Ung Utriere 


sie-Tel-mMrla 


wy 5 Zod 4 


TUNGUM SALES CO. LTD. 


House, Painswick Road, Cheltenham, Glos. 





Brandon 
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IT is well known to every 
engineer designer that post-war 
conditions will demand making 
provision for much higher stresses 
than have ever obtained before. 


Newall Bolts and Studs have 
been developed to meet these new 
conditions. 


We will be very happy to 
supply any engineer designer who 
is interested with details of the 
various Newall Bolts and Studs 
which cover the full range of 
modern requirements. 


Li 


“ — ‘ e 
3 Nae is 











POSSILPARK + GLASGOW. N 
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TO FACTORY DIRECTORS AND MANAGERS— 


The answer is 
“as 5 
EE? | 


Sw « 


@ Will factory hygiene be as important to peacetime industry as it has 
been to wartime production ? 





@ Has the Izal System of Industrial Hygiene proved itself by practice? 
Saved preventable sickness absenteeism ? 


@ Where the system has been operated, has it killed for ever the idea of 
leaving the spread of infection pretty well to chance ? 


@ Do the men and women throughout the factory like it, welcome it, co- 
operate gladly ? 





@ Does it really cost little ? 
@ Does it require only trifling labour ? 


@ Is it adaptable to any size of factory, working just as well for ten thousand 
as for a couple of hundred people ? 


@ Can one get expert advice from Newton Chambers free of cost or 
obligation ? { 


The answer is “YES”. We would welcome an invitation for a 
technical adviser to call on you — without obligation. 


) 
THE IZAL SYSTEM OF INDUSTRIAL HYGIENE } 


é Simple to install — simple to maintain 


NEWTON CHAMBERS & COMPANY LIMITED - THORNCLIFFE + SHEFFIELD 
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. . . but the cost of 
as low as 5% of the 


Here is an opportunity many have been waiting 
for—the synthetic equivalent of distilled water 
at a cost almost anyone can afford. Permutit 
Demineralisation is a low cost ion exchange 
process that produces a water equal in quality 
to most distilled supplies and superior to many. 
The new process makes big savings for users of 
distilled water. It puts distilled quality water 
within reach of others who could not afford 
distillation. It is being applied in many interesting 
processes outside the field of water conditioning. 
Permutit “‘Deminrolit”? Plants have been in 
successful operation for more than seven years. 
The efficiency of these installations is assured 


Demineralising runs 
cost of distillation! 


by Permutit’s comprehensive service: the 
manufacture of the equipment as well as the ion 
exchange materials, servicing by a staff of field 
engineers backed by Permutit’s 45 years of 
experience in water conditioning. 

Write for technical publication ‘‘ Distilled Water 
without Distillation’’ to Permutit Co. Ltd., Dept. 
T.B.,Gunnersbury Av., London, W.4. CHI 6431. 

















XXiV 


THE ENGINEERS’ DIGEST 














REDUX 


Tas Redux process provides, through the use of 
synthetic resin adhesives, a method of bonding light alloys 
and steel with a strength exceeding that of riveting—and 
also of making strong joints between metal and wood. 
After prolonged tests Redux has been adopted by a 
number of firms engaged in essential work and there is 
every reason to believe that when the guns cease firing, 
the Redux process will find many new applications. 
Realising the immense possibilities of the Redux process 
in the fabrication of articles made from light alloys 
Aero Research Ltd. will be happy to give full information 
of the process and its suitability for any particular task. 


AERO RESEARCH LIMITED 


DUXFORD CAMBRIDGE 































No apologies for the ‘‘catch”” but a word about the 
hook. We make hooks for all sorts of jobs but now- 
adays we are far busier with copper conductors— 
bare electrical conductors for switchgear and similar 
products. Copper rod, commutator bars and strips 
in fine quality are made to manufacturers’ instructions 
and our service is exceptional in these difficult times. 
Consult us also about high duty wrought phosphor 
bronze for bearings. 


ASTON CHAIN 
& HOOK CO. LTD. 


Uy 


Ss Yi 
Hf 


Phone: ERDington 2235-6-7 Grams: Chainwork, Erdington. 


BROMFORD LANE, ERDINGTON, BIRMINGHAM 24. 





Manutacturers of NON-FERROUS METALS 





ee eee 





























THE ENGINEERS’ DIGEST 


ASTER! Faster! is the cry to-day, 
and nowhere more than in the tool- 
room, where accuracy cannot be 

sacrificed for speed. That is why and that 
is where MIDSAW is called the Miracle 
Worker. It saws and files the hardest 
modern metals for Dies, Press Tools, 
Templets, Gauges and other toolroom 
jobs, both regular and irregular shapes, 
with a speed and accuracy impossible 
by any other method, and it achieves 
this with unskilled and inexperienced 
operators. 





Are you doing jobs on a lathe, a 
shaper or a drilling machine that could 
The Brazing be carried through quicker and better 


Attachment on a more suitable and less expensive 
can be brought to 


the blade what- MIDSAW TOOLROOM 
ever its osition 
in aisha the Bandsaw & Bandfile Machine 


work without re- ; . 
moving the work If you have any doubts on this point, 


or the saw from aSk our technical advice service. 
ey ES the machine. They will be happy to advise you. 


Wite fer out Wlustrated Brochure of Metal Cutting Machines 


HE MIDLAND SAW & TOOL CO. LIMITE 


IDSAW WORKS © PO PE STREET «-BiRMENGHAMI. 
Telegraphic Address - Midsaw Birmingham. ‘Phone COLmore 4245/6 


¥ 
4 


London Office: 24 UPPER PARK ROAD, KINGSTON ON THAMES 
Phone: KINGSTON 4164. Telegrams: Morimil, Kingston on Thames 
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The careful balancing of skilled 





against unskilled or semi-skilled workers 
is a vital principle of modern production. 
High skill produces the tools, the jigs, the 
gauges. High skill ‘sets up’ the machines. 
So the work of a few craftsmen is multi- 
plied a thousand times by those who tend 
and feed the machines. So the work of 
the youngest apprentice of hundreds of 
“unskilled workers” is controlled and 


directed by high craftsmanship. 


‘Right from the start’ 


ALLTOOLS LIMITED, 125, HARLEQUIN AVENUE, GREAT WEST ROAD, 
BRENTFORD, MIDDLESEX. TELEPHONE: EALING 6464. 
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\ maxiinuin width V2" 


a LLL Wickit ) 
N = OFS 





J: ‘HABERSHO 
Holmes Mills. ROTH 





AND 





EXPERIENCE 


IN THE MANUFACTURE OF 


THREADING MACHINES 








| DAVID ETCHELLS & SON LTD., BULL PIECE WORKS, DARLASTON, S. STAFFS. 
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pect alists in dest Gn and muna ctiuite 


of ~SiGS & FIXTURES -press TOOLS & GAUGES 


EROLT ENGINEERING 


BENTINCK.STREET- BOLTON 
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INDUSTRIAL 
SWITCHGEAR 

















MANUFACTURED UP TO 
600 VOLTS. 
BREAKER CAPACITY UP TO 
1250 AMPS. 

WIDE RANGE OF 
BREAKERS EX-STOCK 


ee en 


SPECIALISATION IN THE 
MANUFACTURE OF 
SWITCHGEAR FOR ELECTRICAL 
UNDERTAKINGS IS A SPHERE 
FILLED TO THE UTMOST 
SATISFACTION BY 

The 


AIREDALE 


ELECTRICAL & MANUFACTURING CO. LTD 
MACTA WORKS - LOW MOOR - BRADFORD 
Phone 703 Low Moor «Grams ‘Switch’ Low Moor 
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IF IT’S LIQUIDA 
DRUM "PUMP 
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The unique popularity 
of “DRUM” Pumps is 
attributable to the large 
number of advantages 
they afford in compari- 
son with alternative 
pumping methods. 


“DRUM” Pumps will take any liquid, thick or 
thin. They can be run at high or low speeds. 
Their action is positive and affords a continuous 
flow, and their simple yet rugged construction 
makes the risk of breakdown negligible. In 
addition, ““DRUM” Pumps are reversible in 
action, can be steam jacketed, and suit any 
form of drive. 


cRUM < puMe 
“sto 
ALL ENQUIRIES TO: 


THE DRUM ENGINEERING CO. LTD. 
HUMBOLDT STREET, BRADFORD. 
LONDON OFFICE: 38, VICTORIA STREET, WESTMINSTER, S.W,1 
TELEPHONE: ABBEY 3961 
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ITH the lifting of the black- 

out ban the solving of the 
problem of controlled street light- 
ing is an urgent necessity. 


The Sordoviso sysiem provides 
the answer, and can be adapted 
as a centralized remote or auto- 
matic control for all forms of street 
lighting. 

Our technical engineers are 
available to work out or advise 
on your particular problems. 

The Sordoviso system is sim- 
plicity itself — once installed no 
attention or adjustment whatever 
is required. 


May we send you further particulars. 
SORDOVISO SWITCHGEAR LTD. 


Falcon Works, Loughborough 
LOUGHBOROUGH 3131 











@ -- 16 











XXX THE ENGINEERS” DIGEST 


THE PIN WITH THE 
POSITIVE LOCK... IN USE 
THROUGHOUT THE WORLD. 





AVIATION DEVELOPMENTS LTD. WELWYN GARDEN CITY 


Aviation Developments (Canada) Ltd., 152 King Street West, Toronto 
Australian Agents: Robert Bryce & Co. (Pty.) Ltd., 518-32 Little Bourke Street, Melbourne, C. |, Australia 














BRITISH { 
ROPES | 
LIMITED | 


MANUFACTURERS OF WIRE 
WIRE ROPES AND 








HEAD OFFICE 7 Als 
DONCASTER : Offices and Works throughout Great Britain 
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rE. (ORLETT & COMPANY 


iLL ROYTON-Na CLOHAM-: Tele MAIN 2277. 











| T..CALDWELL & SON, Victoria Mills, St. John Street, BOLTON, Lancs 


WELDED STEEL TANKS 


Specialities : | Plant available : 


CONSTRUCTIONAL STEEL WORK 3’ x 4” PLATE GUILLOTINES 
FUEL TANKS Pee «4 a 


STEEL LORRY BODIES ex} =a os 
10’ x #&” BREAK BENDING MACHINES 
SHEET METAL WORK 


ELECTRIC WELDING PLANT up to 600 Amps 
STEEL DUCTING BENDING ROLLERS 
FABRICATED STEEL COMPONENTS | MECHANICAL & HYDRAULIC PRESSES 


Also LIGHT SHEET METAL WORK for MECHANICAL, ELECTRICAL & CHEMICAL ENGINEERS 


Telephone: BOLTON 3672-3 Established 1877 


= - as SE 
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STATIC TWO-DIMENSIONAL visual de- 
lineation of any recurrent law. 


RELATIVE TIMING OF EVENTS and other 
comparative measurements with ex- 
treme accuracy. 


PHOTOGRAPHIC RECORDING of tran- 
sient phenomena. 


SIMULTANEOUS INDICATION of two 
variables on a common time axis. 


INDUSTRIAL INDICATING and TESTING 
afford increasing scope for the Cathode Ray 
Tube as theonly device with theabove inherent 
features, of which the last is unique in the 
Cossor DOUBLE BEAM Tube. 

The Model 339 Cossor Oscillograph thus 
equipped is invaluable on all problems of re- 
search, production or operational testing, when 
the effect examined is applied as a voltage. 
When recurrent the traces are studied visually 
and when transient are recorded photo- 
graphically, using Model 427 camera. 


A. C. COSSOR Ltd. 


Instrument Dept., 
Cossor House, Highbury Grove, London, N.5 


*Phone : CANonbury 1234 (33 lines). 
’Grams: Amplifiers Phone London. 
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As one of the 


foremost Wheel- 
ing and Panel 
Beating concerns 
in the Yorkshire 
area, we offer our 





ability in the pro- ot 
ductionofstressed COWLINGS: SKINS 
metal parts. May AND STRESSED 
we solicit your en- 


METAL PARTS 
OF ALL 
DESCRIPTIONS 


quiries and assist 
you with any of 
your problems ap- 
pertaining to this 


specialised trade. coecialists IN THE APPLICATION 


OF SHEET METAL TO THE 
AIRCRAFT INDUSTRY. 






| 
FULLY 
APPROVED 





AIRCRAFT == (TD, 


GAOL LANE 
- Tel: HALIFAX 5264 


PaNNEAeet 


CROFT MILLS 
HALIFAX 
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~ THO! W.WARD LIMITED 


MAIN AGENTS AND STOCKISTS 
FOR 


DAVID BROWN| 
FLOATING REAMERS 


(PATENT s465.8e28) 
WITH hl a oA. ADJUSTMENT 
AND NEW FLOAT LIMITING DEVICE 


1n the following wWted 


AREA ADDRESS 




























YORKSHIRE 
LINCOLNSHIRE 
NOTTINGHAMSH: 








ALBION WORKS, 
SHEFFIELD 
RE Tel:- 2631! (iS Lines) Wires:-FORWARO 





SCOTLAND 


18-24, FORE STREET, 







SCOTSTOUN, GLASGOW. W.4 
Tel.- 2722 (223 nes) Scotstoun 














BEDFORDSHIRE 
CAMBRIDGESHIRE 
HUNTINGDONSHIRE 
NORFOLK 
SUFFOLK 


BRETTENHAM HOUSE, 
LANCASTER PLACE, 

STRAND, LONDON. w.c.2 
Tel:- 9631 (BLines) Temple Bar 




















DESCRIPTIVE LEAFLET AND PRICE LIST Witt BE SENT TO USERS IN ANY OF THE ABOVE AREAS 

















1S 


JON 


j : The Fusehoider that’s Different ! 


SCRUTACT (Pat.) Fuseholders, as 
fitted to DONOVAN Boards, have 
no springy contacts to cause over- 
heating. SCRUTACT ensures enor- 
, : mous contact pressures—yet allows 
{ ‘ H.R.C. cartridges to be changed 
" instantly without tools. 


JUST ONE TURN OF THE KNURLED 
INSULATED KNOB RELEASES OR 
CLAMPS THE H.R&.C. CARTRIDGE 
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The salient points 
of the lathe 


we illustrate are: 


@ Rigidity of Construction 
@ Accessibility of Control 


@ Accuracy of Performance 


DIGEST 


AXLE JOURNAL RE-TURNING & BURNISHING LATHE 








ubRb); 


URQUHART LINDSAY & ROBERTSON ORCHAR LTD 


DUNDEE, SCOTLAND ° Machine Tool Makers & Gearing Specialists 








PreESSURE 
Die CaSTiINGs 


WOLVERHAMPTON 
: DIE-CASTING ag 


| GRAISELEY H 
WOLVERHAMPTON 


{NM ZINC BA 


Maza: 


MACHINING ELIMINATED 
ILLUSTRATIONS SHOW 
ARTICLES AS CAST 


TELEGRAMS: DIECASTINGS .WOLVERHAMPTON. 


TELEPHONE: 23831/4 W'H’PTON 




















pete 





JOH 





ly 
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HANCOCK 


FOR 


FLAME CUTTING 


IF YOUR PROBLEM IS 
CUTTING STEEL 
Consult Us. 


ILLUSTRATION SHOWS A 
MULTI-BURNER MACHINE, FITTED WITH 
SIX BURNERS FOR SIMULTANEOUS 
CUTTING FROM A _ SINGLE 
TEMPLATE OR DRAWING. 





HANCOCK & CO. (Engineers) LTD., PROGRESS WAY, CROYDON 





Telephone: CROYDON 1908 (3 lines) Telegrams: “« HANCO,” PHONE, CROYDON 
Code: ABC 6th EDITION 














We also make COLLETS - BOX TOOLS . RECESSING TOOLS . TAPS 
AND DIES . TAPPING ATTACHMENTS . DRILLING MACHINES, ETC. 


JOHN ACKWORTHIE LTD., MAYPOLE LANE, BIRMINGHAM, 14 
Telephone : WARstock 2201/2/3 
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ECIALISED 
R COMPOSITIONS 


A. 1. D. 
Approved 


THE SE 






100% 
PROVED 
Sn EFFICIENCY 
IMPERVIOUS to the action of SUPPLIED IN Sheets, Gaskets, 
Aviation Fuel, Hot Engine Oil, Washers, Mouldings, Strip, Tub- 
Di-Ethyl-Glycol, Acids, Alkalis, ing, Hose, etc., to any Specifica- 


Salt-water, Steam and all Weather tion and in any degree of re- 
Conditions. siliency. 


IMPERVIA /,, 


3 GROSVENOR GARDENS, LONDON, S.W.! 
Grams; Impervia, Sowest, London 


pa _yECIRICAL MECHANICAL & AIRCRAF ENGINE». 
SUPPLIED 10 


ie COURSE ITS 


— IT SLIPPED UNDER CUT 
























GA 








CLARE LATCHED ENDMILLS IN CLARE QUICK CHANGE 
MILLING CHUCKS CANNOT SLIP OR CREEP SO THIS 
CAUSE OF BREAKAGE CAN NOW BE ELIMINATED 


/ j CUTTERS UP TO 8" DIAMETER 
BOTH END MILLS & CHUCKS NOW IN STOCK 


OFFICE AODRESS— 
CLARE-COLLETS LTD., SPRINGFIELD LANE, SALFORD, LANCS. 


Tel.: BLACKFRIARS 5892/3 
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KOTAMETERS 


PRECISION FLOWMETERS 


Rotameters are precision instruments giving con- 
tinuous and direct readings of the rate of flow of 














any gas or liquid through a pipe. Accuracy of flow 
readings is vitally important in many processes for 
manufacturing Explosives, Acids, Oils, Compressed 
Gases; also for gas welding, flow and leakage testing 
of fittings, performance testing of engines and 
compressors. Rotameters cannot wear out or 
deteriorate. Complete absence of friction ensures 
lasting accuracy. British made throughout. Details 
are contained in our folder R.M. 120/1.E.D., which 
may be had on request. 
ROTAMETER MANUFACTURING CO. LTD. 


VALE WORKS, VALE ROAD, PORTSLADE. 
Telephone; Portslade 8401. Telegrams: Rotaflo, Portslade. 





















































STEEL CASTINGS 


THE MOST ECONOMICAL WAY OF 
USING ALL OF THE ADAPTABLE 
PROPERTIES OF STEEL 


j 
el 
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10-16 RATHBONE S' OXFORD S' LONDON, W.1. ¢ Museum 1039 





Portable machine for bending Tubes, etc., up to 3” dia. 
@ Ask for details of the OIL HYDRAULIC BENDER. 


For bending Tubes, etc., up to }?” dia. a smaller hand lever 


machine is available for bench mounting. 
@ Ask for details of the STAFFA HAND BENDER. 


Sey iserlNiealiedlicss Ltd. 


ENGINEERS ano CONTRACTORS + STAFFA WORKS * LEYTON *£.10 = Leytonstone dt 





MMOLLART 


ENGINEERING CO. LTD. 


PRECISION ENGINEERS 


_ 3352/3/4/5, 
ams: P 


Air Ministry Approved Gauge Test Houge: No. 89755/31 











~ BROADBENT 


SPRINGS - PRESSINGS 
WIRE FORMS 














Lore 
pene 


Mere lie V4) 


During 100 years spent in the manufacture of spring: > 
we have gathered much useful data. We place this 
knowledge at your disposal. Please use it. 


BROADBENT & CO. (Rochdale) LTD. 
SPRING WORKS 
ST. JOHN STREET, 
Tel. No. ROCHDALE, 
ROCHDALE 4628/9 LANCS. 
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= ACCURAT 


ARIC 








“CIRSCALE” TACHOMETERS 
for centralised control 
NO POINTER FLICKER 
270 DEGREE SCALE, EASY TO READ 


REMOTE INDICATION 
ONE GENERATOR WILL OPERATE 


SEVERAL INDICATORS | ACCUR URAT' RECORDIN(, 


INSTRUMENT Co 
THE RECORD ELECTRICAL co. LTD. } WINDSOR HOUSE ¢ VICTORIASTREET * LONDON ¢ S.Wi 


BROADHEATH - ALTRINCHAM - CHESHIRE 
London Office: 28 Victoria Street, London, S.W.| 














ILFORD Lead Screens 
for Industrial Radiography 





Every discerning industriai radiographer is aware of the beneficial action of 
lead foil placed in contact with each side of the film in overcoming the 


harmful effects of scattered radiation. 


Ilford Limited have made a thorough investigation into thé problem of finding 
the most suitable lead alloy and of determining the optimum thickness of the foil. 
As a result they are now able to supply at 
economical prices lead screens consisting of 
front and back thicknesses of foil made of a 
lead alloy specially selected for its durability 
Withous aereuee and radiographic efficiency. Ilford Lead 
Screens afford the following advantages :— 
200kVp. 10mA, 5 min. 36 in, 1 Maximum reduction of scattered radiation 
reaching the film giving the greatest possi- 
ble improvement in contrast. 
2 Reduction of exposure times up to 50%. 
ILFORD LEAD SCREENS 3 Complete tert from omnia 


IMPROVE RADIOGRAPHIC 4 Definition indistinguishable from that ob- 


QUALITY | | badd eete 
. | 5 Maximum flexibility and pliability. 
6 Maximum hardness of surface compatible 
with a useful intensifying action. 
Descriptive pamphlet is available on application 





200 kVp. 10mA. 3 min. 36 in. 


* : ILFORD LIMITED With Ilford Lead Screens ILFORD < LONDON 
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Saaae 
AVAILABLE 


AGAINST 


PRIORITY 


Made in England 
BATTERY 
CHARGING 
EQUIPMENT 


Models 
Always Improving ! 


LEGG (iNpDustTriEs) LTD 


WILLIAMSON STREET - - WOLVERHAMPTON 

















DIGEST 


CROFTS 
SURE GRIP 


ROPE 
DRIVES 


THE BEST 


DRIVE 


FOR ALL 


Stock Drives up to 100 #.P. 
also POWER TRANSMISSION APPLIANCES 


SHAFTING. COUPLINGS, BEARINGS BELT & ROPE PULLEYS 
FRICTION CLUTCHES, VARIABLE SPEED GEARS & PULLEYS 


MACHINE CUT GEARS, REDUCING GEARS, GEA 


RED MOTORS Etc 


CROFTS (encinecers) LIMITED. 


THORNBURY, BRADFORD, 


ENGLAND. 





CROSSLEY 


Direct Reversing Scavenge-Pump 


DIESEL MARINE ENGINES 


Reliability has had first consideration in the 
design and manufacture of these engines, 
operating successfully to-day under arduous 
war conditions. They combine every feature 
making for ease of control and quick man- 
ceuvrability, and have an established repu- 
tation as ideal heavy-duty propulsion units 
for a variety of vessels. 








CROSSLEY BROTHERS LIMITED 


OPENSHAW MANCHESTER, 11 
London Office : 2 Howard Street, W.C.2 








For 


SURFACE 
FLAME 
HARDENING 


Shorter Pr 


Shorter Type N3 Machine. 


Shorter Process Co. Ltd 


PRECISION 
MACHINES, 


AUTOMATIC 
FOR MASS 
PRODUCTION, 


FURNACES 
UNNECESSARY 


DETAIL in STEEL 
OR CAST IRON 
PLAIN OR 
ALLOYED. 


SAVILE ST. EAST 
*SHEFFIELD! 











